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present invention by immobilizing the enzynes on a carrier material, in
particular a material included in the pigment phase of the antifouling
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20carrier material. As it will be apparent fromthe follow ng (see further
below), the carrier material may be the pol ysaccharide for which the enzyne
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the function of a pignment or filler in the pignment phase of the final paint
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In sonme enbodi nents, the polysaccharide is present in an anount of 1-70 A)
by solids volune, such as 1-40 A) by solids volune, of the pignment phase,
e.g. 1-15wvA)otwossxiBi ds 25vol une, or 25-40 A) by solids vormreo10bas7
expressed by wet weight, the polysaccharide is typically present in an
amount of 1-30 A) by wet weight, such as 4-20 A) by wet weight, of the
coating conposition, e.g. 1-10 A) by wet weight, or 15-30 A) by wet weight.
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g ucoan m ne or di. n t In 1 eary
ot b " s 5 R aBb G S50 R BaCh DGR S LARE APy Corne
unit) c@@@?ﬂo@ﬂmsm@nth\eorafﬁﬁsﬁteﬁ@pdlmqn@oémlyﬁn@g@ha@ @@gtlwgesﬁ%?m&ﬁ byy| ucose
per m nwoRdsoldhe, Guanés pﬁsé 0/5 bv%bm Johﬁ‘ne%(ﬂh@%&étﬁmg&@ﬁkb@hﬁo@arﬁu tHe QIRI BNt
8- nnalto de sups e under st oﬁs t hat the act|¥HEy of the

c

enzyne i %E%Fm”h‘:é%%pﬁ? § DY Bg'iLéFr%B'Hmer S4B 1Y W93 Hlung © arrier.
20FA&0 otdeetingeomyposiionan activity of 1 U (one unit) generally corresponds to
t he amount of



enzynme releasing 1 unnol nnonosaccharide units per mnute. The activity is
typically nmeasured at a tenperature of 40 C and a pH of 4.5. In a preferred
enbodi nenvocormpusPEBNg starch, the enzyne is present in ggtlErPamoasmant t hat

the rati o between said enzynme and said starch is 0.05-200,000 nnilliunits
enzynme(s) per g 25starch e.g. 10-200,000 mnilliunits enzyne(s) per ¢
starch, such as 10 - 75,000 nnilliunits enzyne(s) per g starch, nore

preferably 0.5-20,000 nnilliunits enzyne(s) per g starch, such as 50-20, 000
nni | | i uriVhen emrsased By wpkweights iy throbiedgsrpbbes ednbttufes1151 70 GOy wal Weighini t s
enzyne( s theeéoagin§t:é\rn5&.t.o%tg;h RS p%%na-gh&@(}oﬁﬁlltutle!; galsts&/o%wme?aht BEthed

starch. Carrier Bolys chari de de radln@

2010/ 0887 EHCHIHROS 520, RIS ed B s 419 Hd‘?fﬁ%a%fi tRelituiss AP0 Rl ent
bonds orwdiywengmn-of theadoatig bwmnetishign aed ghe aibfient phaseicordtinges 380 6gen weondi ng,
ionig b I - he enzyne and the carrier. In certain cases,
t he gnzqmg&?gﬁgﬁ;%ﬁnnﬁyéﬁggﬂhhen t he pol ysaccharide is starch) may |nclude
a site specifically adapted for binding to the pol ysaccharide (the

Isubst r atwithoubeing @RHEd tt@enépm.macmea*yi e rﬁfmev@ebea.eséa trable Gaibidaibn off hese
atter V nt S are

- t.o what d have n V, found to
be. par t 1 EtPAVIS TP ad 3 et Raaobl sy et R B R a ST Y b PhilDat e
on t hei rbirdenphaset @sstifeerdaseamnents gileyaentifadiing amwetw)chfohy@ gummye occur at
a pr e”atpwsﬁblﬁiya“gle% rolQir L4 GdH:] é’veﬂ%‘ﬁfﬂ%ﬁgﬁ@rrﬁ@@l@-@bl@h%’ratemmb' lisation is
via non-coval ent bonding. 10ln a currently preferred enbodi ment of the
i nvention, the enzyne is immobilised on the pol ysaccharide (in particular
i ts 1001 nesqomndmgrenthé tatre)selfHembng” isintehaed &r maat thaheteepditteoat (i.e. the
pol y sac el of S 30 co IR BT GRS AN, Ao BFTH B8) o pL D! || 2
on the starch. ant ysaccharide i s cel'lulose, e.g.
nni cr ocriPs@e Nﬁth@a'd@'iqsdﬂ%éo ki edderryifed 'Opﬁcéffré@%lwthathéeFQ“ﬁh'aS &jte jtest”
i mobi | i spedfi@nintthe Ecahpied &son. Jp’ééfera@mm@bmmtmm thet AR EHFZY-B8 uin$ in

bi | d h de hydrol ysi f
uni ot B S AT et al B Pactd P RN ik B e b went,the

carrier material is preferably selected fron1a list of materials comonly
present in the pignent phase of antifouling coatings. The materials may,

e. g.15 bermeglignéephbscom pol ysaccharides (i.e. non-substrates for the
enzyne), oligosaccharides, sugars, silicates, 20such as silica (e.g. funed
silica), netal oxides such as titanium dioxide, alumna, ferrous oxide and
ferric i de, an aphite. Imobilising the enzynmes on a carrier materi al
gi ves riﬁé—g(—é%%?g%%{—oo 2 nal material in the coating conposition, which may
affect the coating perfornmance negatively Therefore, the substrates of the
enzymes g %S&ﬁ(g{t%rhg@mzﬁprgggg O|gggcgﬁérgl in sone enbodi nents. However,

usi ng the enzymes own subs rates as carrier induces the potential of
degradati on of the pol ysaccharide before the nmaterial has been enclosed in
a coati ngherauryédtﬂaaé*.eftaé eer'hi pmwadcﬂarmehesrm@rmb@ddiormeérsp&ﬁnarseﬁﬁer@doftao use a
pi gment er materia nt L0 coat|

Dt duct iDLy of e RS Ry a0 e el S5eb S B bR e e
becalse ftOIWWOWewha@eWé't@rbub‘é‘ﬂlgroéeﬁ&etl&'b‘db@ pane trwkesacphaiide) 0I30They can

t her ef onthgpdi gHahH@@@ eOBuﬁdh@d bf Qb $hHhS LiratEs nVUnBBéHéharfo%é‘)Ct I ons
occurrin ﬁr aCtlv égn'e aCt|V|ty|S

oo o) TRlysB et e ey ey rip e bpeet qnpcsongleaien TBY PBISTIatnt | |
t her e i svaightwfise@itableepdlydanchahideaiatgricadily at lewd 2%@@@8@3%&9@1&5%0&&&051437 10
ther ConglddpsRis <ol S 0B 6081100 BRASEY TAROR TR oA Bod boo b enhase

correspon di'scont’i nuous ase of parnt coat) may
of cSur s‘é"YéP%CBa”ﬁ*F‘él"ﬂlﬁéesé'PQﬁé‘?f]P@fer?tP'Y Waker-ipgolblesas sy %{rﬂtﬂefaémq%'ssg%ht s, as
wel | as wtoyeteightiof atok€otwamst inkslebt sotditlzatd, bot tdagtadually k@wdpregmame vghase of
coating nsit . i.e.
const i tuséhl{gp e'é%eg‘g%o %}?ﬁ%ﬁh %%cc%§ J(%?ﬁ%%@%‘*ﬁ%&ﬁﬁ?’%‘)gﬂﬁg aB?ﬁﬁ@erl ers)
are not %¥¢m@m¢wmﬁh%@a®@ﬂ9mtonponents However, such other constituents are
typically incorporated in a total amount of up to 60 A), such as up to 50
A) by solids volune, e.g. in anpunts of 20-50 A) or 35-50 A) by solids

vol unme of the coating conposition. Wien related to the wet weight of the
total conposition, 10such other constituents are typically incorporated in
a total amount of up to 60 A), such as up to 50 A) by wet weight, e.g. in
amounts of 0.1-40 A), or 0.1-30 A), by wet weight of the coating
conposition. Exanples of pignents are grades of netal oxides such as
cuprous oxide (Cu20) and cupric oxide (CuO (even though e.g. cuprous oxide
and cupric oxide may have antifouling agent 15characteristics, it is

under st ood that |n t he present context such met aI oxi des are only

o - L e L



20car bazol e di oxazi ne, chrom um oxi de, i soindoline orange,

bi s- acet oacet-o-tolidiole, benz- innidazol on, quinaphtal one yell ow,

i soi ndol iwe 29aldsesys t et rachl oroi soi ndol i none, qui nopht heceme2yelobsr Such
materials are characterised in that they render the final paint coat
non-transparent and non-translucent. \Wen cuprous oxide is present in the
coating conposition, the Cu20 content is preferably 1- 2540 A) by solids
vol une, such as in the range of 5-35 A) by solids volune of the coating
conposi thilggtrativihexarexps efsapeticdie nwdtsavghagtes iofludehstachbaglyemgecorgiolesd (e, and
when CU%@F&rﬁtﬁllﬁt‘% c'e%ltE’s!’e?%lcdlﬁ'&@&%p%ﬂés‘%nﬁmkf%s@ra‘?rﬁﬁ(;p%@ﬂny 3lanl €St 5 A)

by wet we such as in e range of 10-7 tii%"tog wet wei ght of the
coating %%C??ﬁo%?CF'Po‘Hh'CFTH@VﬁedﬁEﬁtoé‘ SR 45 CorByng i‘(”o PhEri O'bﬁaﬁ?Pé’ﬁ't’eﬁ i ke
ingredients such as fillers. 30Exanples of fillers are cal cium carbonate,
dol om t t r t [ p eni c
silica, ergglcﬁht% t {S‘Fﬁaat Tgtgu&?ma%%la ﬁ.lt‘%e g%QQ%JCHzgnd% dseﬁéhém&‘gg%gys‘ﬁ% n%\{(o%% o,
cal cidt e %%tp\qwgtﬁ't‘tzdfth%a@'}’swaé'@@t ar sieves, synthetic zeolites, calcium
silicophosphate, hydrated alum niumsilicate (bentonite), organo-nnidified

| hyd tc. WO 2010 O89378PCT/ 51437 1 Th
e Al O o R R e Sl o M U R R Pog MPBGARToTdRe 1 PR Masdiet oat

non- t r aribe adempblysardhariver ef ore do not contribute significantly to hide any
material below the final paint coat. It should be noted that some of the
fillers (and ments) may provide certain advantageous 5pr opert| es of the
types prigehe EPé’JpY %ﬂye ttAEh £AEPEiPsFdessdhan A&l By Mﬁ&htfpﬁagglcylér tgss H@ndlt %M i zer s
agai nst wagial off eatededdyidicatdnegruagent s, wat er scavengers, thickeners and
anti-settling agents, etc.), however for the purpose of the present
application with clains, such particulate materials are to be construed as
bei 1§ paiiso peferddy, ghegatanth hpsasweight averagExeaigsius wefght obatdsaindd0d, @0 t hose
gener al | /RN &PRChd b&R1s| 0000RB/HRRE g Bt (W4 @M0670Hd%/ mehi ch 10i s her eby

i ncorporated by reference. [n order 190r a certain particle to be considered
as a fibre wwthin the present context, the rati o between the greatest

di mensi uitabld dubkticsohkbiaestindudenstiosr srnatrp)earﬁtieautcam cér, tadpech emgdan, whitamnsi on
in substantiall I i ongi tudi nal axis (the length

di nensi oriralcl;“l éﬁagohé%agtérﬁy%g% ?eea%l&n%o% ot exceed 2.5:1, preferably not
exceeding 2:1. Furthernore, the 15ratio between the Iongest di nensi on and

the aVerIﬂ%o@ﬁar Elﬂgoélmn§ t&@ITLII(%%t |nq:la9%ﬂ|$elr(?rﬁ]§'o§|*§'9ﬂé|IHe ReIdse! 8@aséd & 4. Thus,
flbr s ar racteris n 0{1 ﬁﬂ&dlmansmn and two short

i GHSaHEP A% TLPT Sy BhepaRossiiisant 1 ar 1 v 1 onger ¢ han < he tvio
short di nensi ons (typ| cally by an order of nmagnitude, or even nore), and
the two ot sgéc |9'B f@traglyﬁl't' §|It|@r\5i§3%trx aﬁ(ﬂM% t(tgg rrlitr'ﬁ %I%%ngﬂ’&tecgf
magni t ude Fyor co ny re Yibres i res zohavi ng a
cylindr |F&%Per§tﬂ§|5'éer 'Ptthft B'QWPH%?RSG ﬁBWetftS‘aH%ﬁt“étrW?hé” tprac PF%@T@?% (1 ongest
di mensi amboandertélant \amerég@leqmwmtt)spﬁé?ewb@&te dldriveas {seBSe.q F-@kaiiplea ) iig inegul ar
fibres, thk a|mseb<]3I| }])/ dmt tstlzJaC ]énel ationshi p between the di nensions can be
eval uat & 5 gthe for'T OW ng hypog et cal experinment: A regular, right-angled
box is construct ed around the fibre. The box is constructed so as to have

t he Z@rmlﬁh‘%%ly@é’&ﬁbm&s‘(%l&ﬂ?préént’ |Ft an Q\%UQ’C I)fui Yy °/99V96I|d§‘3/ofu% Eidr £ 1-25To
the extent that the fibre curved ot heti cal | assuned

that the%gpeeofids ‘f‘?"é!??b‘?féh%Boat“H&tco'PH‘és'W Gr?eqolfo Y oY NPl 2%Bd% can
be m ni rMeswdolds Vdheneli ng” the fibre. In order for the "fibre" to be
recogni sed as such in the present context, the ratio between the two

smal | est di nensi ons of the box should be at the nost 2.5:1 (preferably 2:1)
and t he Ip#png ahdrogiseanty, Hae P pepecharide ierissaim irben emeude laft%tthesolider age of

the to s:tsaJnhee%thrBQﬁmemsIborganda,fvottmee Rewmeshigubit dhasdte.d.aast opbylsolidt present,
espezg;l al Ir?yl{ngr g& %d% r?[n(ij]ner al fibres such as mneral-glass fibres,
es

wol 17ast of VOLI'T‘?onlteflbres tobernnorite fibres,
atapulgite fi bres cal cined bauxite fi bres, vol cani ¢ rock fi bres, bauxite
fibres. wockigp ésstap B8 waeh B @ﬁ@&&%%@&hamj@%r@b.ctnybar@&nt [+OIR SFhOGT3F 190!

WO 2010/ 089378PCT/ EP 010/ 0 When present, the concentration of the
fibres i% Horerayaighti sich R 1r2£né’ebyo‘1"et0"’%9rﬁ5°f,&$‘e C%attj‘g PMPPFHAY &9 1589 18y

vol ume ofettwetght o@t 13380 eObpast weighk. Wien related to the total conposition
(wet weight), and when present, the concentration of the fibres is normally
in the range of 0.1-20 A), e.g. 0.5-10 A), by wet weight of the coating
5conposition. It should be understood that the above ranges refer to the
total amount of fibres, thus, in the case where two or nore fibre types are
utilised, the conbined anmounts should fall within the above ranges. The
coatl ng corrp05| t| on may aI S0 corrprl se one or nore antl fouI i ng agents as is

e p— o, o oy



15such as copper-ni ckel alloys; nmetal salts such as cuprous thiocyanate,
basi ¢ copper carbonate, copper hydroxi de, barium nnetaborate, and copper
sul phi de;wbevavoseygl i ¢ nitrogen conpounds such as PCT/EP2010/051437

3a, 4,7, 7Ta-t et rahydr o- 2- ((trichloronnethyl) thio)-1Hisoi ndol e-1, 3(2H) -
di one, pyr|d|ne tri phenyl bor ane,

1-(2,4,6-trichl orophenyl)-1H pyrrol e-2, 5- dlone 2,3,5, 6-

tetrachl oro- 4- (nnet hyl sul fonyl) - pyrldlne

2- nnet hylhtshine-emitodintentu twhearmpress €l ey éoprigpy | thanpivescclRgiletis prezént,in and

qui nol i ngndRk bf’%’o‘%‘%y \/\FE@RA%TQ‘R@YS%H\ &s 51 Iy GAFRAUEHISofSHE BigRtent phase, e.g.
2-(4-thiazo nzi nni dazo

I
4, 5- dchI6?dy§%WeBWF§Tt@r@Q§Pﬁ°§YdFFH“§HBne 4,5-di chl oro-2-octyl-3(2H)-
i sot hi azol i ne, 1, 2-benzi sot hi azolin-3-one, and
2- (t hi ocyanat onnet hyl t hi 0) - benzot hi azol e; urea derivatives such as
N- (1, 3- bine(dayghexynnet hyl ) - 2, 5- di oxo-4-i nni dazol i di ny1l)-N, N -
bi s( hydr oxynnet hyl Yurea, and N- (3, 4-di chl orophenyl)-N, N-di nnet hyl urea,
N, N- di nnet hyl - 25chl or ophenyl urea; am des or innides of carboxylic acids;
sul f oni cThegigleerdmtiags fustherf @mprises dlsnzyowhwkish B,cap#i¢ of fehlitatiop hedrylysis of
nnal el Nifesolysaccharide.
1,1- dlchloro N- ( (di nnet hyl anni no) sul fonyl) - 1-fl uor oN- ( 4- nnet hyl phenyl) - nnet
hanesul f enanni de, 2, 2-di bronno-3-nitril o-propi onanni de,
N(f I gor adihohd ﬂfaﬁmﬁetpbwisédah&r)depklbmmtnlﬁlittdeﬁplgment phase, the enzyme is capable of
N, N-di nnet.hyl.- N - phe i I ]
N nnet h??%l{&%#l%ﬁﬁgl %]%81: yglg%s{ts 4 Psga (f (LI\Z%%%H&%EIQ% IE% 8 re?éf’l’%ﬁ/rﬁglggﬁof tﬂgz ((3-
30i odo- ZE'WWI\A)*@RWW@ thanene ph'éwﬂta&tdl@@w&ﬁ@tamrespond'n9 enzymes capable
N, N-1@hi des yacilhbimRt ikl o(tR¥aeaid)shdchaAdaiRnt BrasBRtOR itAGEMentBPA8€8S such as
dehydr oabi et hyl anni nes and cocodi nnet hyl anni ne; substituted nmethane such as
di (2- hydr oxy- et hoxy) nnet hane, 5,5'-dichloro-2,2"'-di hydroxy-
di phenyITmeeixhsasepn anadate bhipkciraein ihgtdol ysic Y &natieededstobstarnt thbethe manpeaéorsuch as
2, E%E@Chl pgincbxi!are’ésmgﬂg %Hﬁgﬁeﬁ@ral&?(m L lé]flc;vﬁs for breakln up glycosidic bonds
1, 1 dlcm hyl anni no) - sul f hE
35pheny|"i’1‘H”é"t‘ H‘§ ﬁ??@ﬁ'&?ﬁ’\l%@? tléﬁ.lgﬁzymatlc actlon the polysaccharlde is broken down into
1- ((di i ademnek aylor sujdsacybiddfragrhénts - Ineoarneterdseig aabldimepipaehmnyvan

haI eni hl ori ni di ne
o/ 0Ba:ep B EishikisP s8lpsTyea i, BYRERIRAR AN, AT 0
hydr ochl e cersespdndng fli- @& sligngadehariddsi b@raﬁerth@@wm%s GwﬂdenbgﬁPPNGlOéul fide,
t et r annehéthiifg Wcﬁﬂ?s@”{@é@i’efdaﬁi%) dfiRd PagQlcenapiapiinth Bhdrapieityd, such as
nnedet onni di ne; % hl or ophenyl ) - 3- cyano- 4- br onno- 5-tri fl uor onnet hyl
pyrrol e BAWPSATREL q 5 thereof. 5Presently, it is preferred that the
antifouling agent is an agent that does not conprise tin. In one preferred
embod Moyl JrfifinCORElPIc TBRSEY koM SOLRIGRSES S8 2Phid AHrbIPGnGeeaha g8l ect ed
fromthe group consistin Ine-trip or ane,
2-( &Ochl%\fc@%éﬂﬁ/ﬂmu@séﬁ%gﬁl br%’ﬁﬁéseﬁk %quﬂqu&o@rawm yalm\fd?ﬁer glugoasmpdase and
i nni dazol-emglagd adertypicaligppieadnds, such as nnedet onni di ne. 10The total anount
of the antifouling agent(s), if present, is typically in the range of up to
30 A), such as 0.05-25 A), by solids volune of the coating conposition,
e.g. 0. Ohezglepjorngf thoknzysneiel isim@sofill béepraventiforgthe shiles person - dependentedrat ed
to the t@talcauael ghlsRtndriie(goati ng conposition, the total amount of the
antifouling agent(s), if present, is typically in the range of 0-40 A),
such as 0.05-30 A), by 15wet weight of the coating conposition, e.g.
0. 05- 20 1Athdpref@tedvanigitimertt, wherethoaibrich (s mdmimﬂhttlhe)nlgm'EhEpl’misa,dﬁe ephaseisThe
bi ndg i drying
and theregéﬁﬁbr$%£ﬁ%ndﬁ%Fﬁgfﬁggggﬁi%%ﬁ%ﬂ@ﬁgggsenng?ﬁgs gF%%gﬁg pai nt
coat . ZOWWW@ﬁaIIy aII bi nder systens conventlonally used in self-polishing
coating conpositions may be used as the binder phase of the present coating
conposition. It is als oun hat with res ct tp the rela i ve anounts of
b nher JyaberbedteRt ety Poliles o bitrdcRf R dsBbato i o i 4
(opti m zagmerPhasmyhdenayards seeferably seleded friom alitiases, suihtastEndodot-Bshi ng
rates. gudaRbse GéloBkBB? @eRsOfp- blh&déﬁia%@tdnﬁggldcﬁﬁyo%@% of the present
|nvent|on with respect to possible 25types of binder systens, a nunber of
exanpl es of binder systens for marine purposes and yacht purposes,
respectively, are provided in the follow ng. For yacht purposes it is
believed that, the follow ng types of constituents within the binder system
are especially interesting: (natural) rosin, rosin derivatives,
di sproportionated rosin, partly polynerised rosin, hydrogenated rosin, gum
rosin, dlsproportlonated gun1r05|n acrylic WO
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mean a shell-core structure that includes a resin obtained by stably

di spersing a high-polarity, high-nolecular weight resin particul ate
conponentwbt2bm/dsexrge conponent”) into a 10non-aqueous | iPQUIER20@5MBT i N A

| ow-pol arity solvent using a high-nol ecul ar wei ght conponent (the "shell
conponent ™). The non-aqueous di spersion rgsin nmay be prepared by a nethod
wherein a pol ynneri sabl e ethylenically unsaturated nononmer which is soluble
in a hydrocarbon solvent and which is polynnerisable to forma polynmer (the
cor e confrere@pyMesms. ¢ renzgné(ns odpableef farilitdtnghydrabesiar dfoalysaesbanden) may de

subj ect efriid thsyPr?ers%'rQthE%WTﬁéé 3RS HRNsduRcaf e danhr(Widdudsconvent i onal
met hod in the h{g rocarbon sol vent in the presence of a shell conponent (the

di sper siBYrSTHIM5s BN S AGENEFa!S pol ymer whi ch di ssol ves or swells in the
sol vent. The non-aqueous dlsperS|on type resin utilised in this invention
can be g [ r i ns.
Such monrSacaue 1 ehfleq Yanadl vle iRl Mol GTBEnkhiiE bl ML B8 o
are des mq@@w 1y, manegacchgddes, r@@‘#t“&zﬁomw@ hydralysie 8Bthepglvgaerharidet Hxigigtvas

4, 960, 82BecidapanasafattRijolButthbGdd-t&ftadiig e@f kB lhdRfsbiagnd Japanese

La| d- open Patent Application No. 177,068/ 1982. Specifically, as the shell
conponent constituting the non-aqueous dispersion-type resin, various

hi gh- nolédueang sihshancaysiesio bypidatly present inskgodraamoyntsodtitba tatishhethear e
descri b%‘gld é'hzg%e%nd shig p%lyggthm |§ 6Qf5am(ﬂ)o|-rﬁhl%mtg§% Baﬁe? t Application

No. 43374/198 can use romthe as ant1'f ouI ing property of

the fi naHO'Vﬁa?q??”%%ﬂ 1%%8@ POQUNB'&HErPPéV@E@P]p%{sg BofYsacrRAride ﬁ”égla‘h 1Br a vinyl
resiio meas, i mslechits eM@nﬂi@i)(MdB&%K&E&Eﬁéﬁm%@é(aEeIéraBlyIES-l?omberna_tuhytst he core
conpone e?r]:we gﬁeﬁé’pﬂ {L‘éﬁ%‘#ﬁedé&ﬁ’%%%g% ddbpr%?m{ ﬁﬁé Qni‘yg% 5 dpﬁe‘?gac' d groups or

silyl es are conver by hydrolysis
in sea v@ﬂﬁﬁcwﬁr'%mpwa%rﬁ@ﬁ@ht Bdr P00 PHlEmEp &m»ymejs)mrﬂ)wwawéﬁmﬁ sueh g.
5-60 A) dy100ei@hdo @niiuhitsCnAndly) yeigitllysaehatitie monomers of the core pol yner
shoul d carry free acid groups or silyl ester 5groups or conbinations
thereof. As the free acid groups will have direct influence on the

propert ils actIVItYrm‘ thaemty nfeoginacketylase js deteneas! adeerdgiol tylthesedrodglesuibsd v | |

onl y shavigedd H@Qcaggflf §|'bte|2b{|¢c§|9dy>’15écﬁn|hlﬁle§§aﬁ‘§§§§8 Ant adl§|t3PBIe§9QBll1é’uer)ef erred
to have an overwelg1 free acid groups. Exanples of silyl ester nononers

are sil yI°ERBAS I ea?é‘?%H”F gf QJFC%HM&}%S&?'%W Liemg! 9l4epse PEeTIEHAt 4 Sal | er
proport iz pof 4.6heinh teesathdicgbRbRsp-nitrophényl B-esdlwiidgsabyStdTaY stadukdbde
contain e is

i nt endeﬁﬂdggg%)@éFr%bﬁu %Cgllg g%gphf%b%ﬁ?ég‘%l d%fjgplork{ (ﬂbg %g%relder st ood
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usual I'y 15-R08en®u K48 -cRhELeJAR 4515 to 300 ng KOH g, such as 18 to 300
ng KOH/ g. If the total acid value of the NAD resin is below 15 ng KCOH g,
the polishing rate of the paint coat is too |ow and the 20antifoul ing
propert yinw drbfeafea%ﬂwbbemwnsaérhﬁrﬁwgtésch Ba dnbgmetsheesdnamdsuch bntah®uhothat aci d
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t he grouaphg &ﬁ@/erﬁ%ﬂ[ Into the am% lf% %Peﬁ%-Yhﬁ g% ql treS| n acid
25val ue" S & S8R GhPHLIA th f A Weut ral i se 1
g of a remgyme(ss ot alstachnbeahtas, lwxlmwsmmlgmascommw e gagtiarglod d group (in
case of the acid precursor group, a content of an acid group formed by
hydrol ysis) of the resin (solids content). It is advisable that the acid

group a%( E g ? ig Eﬁ E?’ g{fg is contained in the core conponent
such th r.QrfB,h olfkacchafe aceradth ,% 2 resin acid val ue, at |least 80 A,
preferably 30at least 90 A), nore preferably at least 95 A) of the total
resizp acid vl HEsPls/drb emReBHiAURPA Saribs per si on-type resin. This being said,

it is normally preferred that the shell conponent is hydrophobic. WO
2010/ 089378PCT/ EP2010/ 051437 16



The dry weight ratio of the core conponent to the shell conmponent in the
NAD resin is not especially limted, but is nornmally in the range of 90/ 10
to 10/ 90,wpnrefoasadrsy 80/ 20 to 25/ 75, such as 60/40 to 2®cTREP2&E0loyi4at ed
acryl ate binder system 5In one interesting enbodi ment of the invention the
bi nder systemto be used in the coating conposition according to the

i nvention conprises a silylated acryl ate co-pol yner having at | east one
side chain bearing at |east one term nal group of the general fornula I:
71R3  Silo®ngi{skion mareRBerrbe-viXcgyalent bonds or by nghepedlentrpondinare.g mféiger of 1
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phenoxy ups in e _hal ogen, Cl1_5-al kyl, C1_5-al koxy or
Cl _10- aIq%ytl?cagrabpor(rel'gc?1 ng%\stasndl cated above, R1-R5 may be the sane or different
groups. Mononers conprising the term nal groups of the general formula |

above may He @il PR et HaSR! intB6bilidatiERisQid ddh-efRIdRL borrdisich nmonomer s

may be co-polynerised (in order to obtain the co-polyner with a vinyl
pol ynneri sabl e nononer A. Exanpl es of suitable vinyl polynnerisable
nonaer Sniatired gy nmrkalcafrytbcﬁiﬁreer&sﬁfmsunsmhna&emﬁtmé isnhetddbiicey batres, et hyl

nnet hacr d%,hq %% b
2- hydr oﬁggh&lhanne gw'%ﬁt]lg'?g éa/téngetsﬁ g)ﬁ-}’encgqﬁg@e‘;’\? % ?&ﬁ%rgrth? ate
esters sqa)bﬁa%f@a@dwlstaa@? ym%\@rezvrrm(mferaelmna@m@/lasz) é"t'ﬂ‘mql?é'%?q oraé”mtmcb land 2-
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di et hyl PLRAAEPYCSELEST dnllmeRHgF 8| u%ﬁee a5 WO
2010/ 089378PCT/ EP2010/ 051437
15 In another embodiment, the enzyme is immobilised on a carrier materials not being a
polysaccharide hydrolysis of which the enzyme is capable of facilitating. Within this
embodiment, the carrier material is preferably selected from a list of materials commonly
present in the pigment phase of antifouling coatings. The materials may, e.g., be selected
from polysaccharides (i.e. non-substrates for the enzyme), oligosaccharides, sugars, silicates,
20 such as silica (e.g. fumed silica), metal oxides such as titanium dioxide, alumina, ferrous

oxide and ferric oxide, and graphite.

Immobilising the enzymes on a carrier material gives rise to additional material in the coating
composition, which may affect the coating performance negatively. Therefore, the substrates
of the enzymes are preferred as carrier material in some embodiments. However, using the
25 enzymes own substrates as carrier induces the potential of degradation of the polysaccharide
before the material has been enclosed in a coating, and therefore it may in other
embodiments be preferred to use a pigment and filler materials commonly applied in

antifouling coating production as a carrier for the enzymes.

Hydrolytic enzymes are preferred because they require water before the reaction takes place.
30 They can therefore be immobilised on their own substrates without reactions occurring, as
long as water activity is limited, or the enzyme activity is controlled by other means (pH,

temperature, salinity, inhibitors) until there is no water left in the material.



17 nnet hyl styrene, vinyl chloride, vinyl acetate, butadi ene, acryl annide,
acrylonitrile, nnethacrylic acid, acrylic acid, isobornyl nnethacrylate and
nnal ei ¢ awdao10fi3es7anount of vinyl pol ynneri sabl e nononerpsTiEP2000h5137 € t han
95 A) by weight of the total weight of the resulting co-polyner, preferably
not nore than 90 A) by weight. Accordinghy, 5the anmount of nononers
conprising the term nal groups of the general fornula | above is at least 5
A) by melght in partlcular at | east 10 A) by weight. The co-polymers
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1, 500, 000, such as in the range of 5,000-1, 500,000, e.g. in the range of
5, 000-1, 000, 000, in the range of 5, 000-500,000, in the range
5, 000- 25T(5‘e(§’0ﬂ5“e'5rphia?? ¢ Rethephges asrrregpwg tfdﬁl@é'se%muw %II"I‘é? HEIhe finpkidest i ng
enbodi rramnt@f)att) eayi divemse Glﬂoﬁﬁﬂ:&ldblplfgﬂﬁe‘ntﬁ)ﬂﬂélembteﬁ &el arggelling abbréts cazatdling
conposi t v e
copol ymea{rs %%%?s?\'%g% Q%es} RIeEgeto S dceﬁg? n egagr I ngf)hafgi)e%{t)a?ﬁ% rﬁﬁ({a‘c’wr%ﬁ%al
group of the general formula I1: 73 - XXO0S - R4 1 R wherein X, R3, R4
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funnar | crRGidindlet el IRNARRESNBGA bMeARRls heaSleniech 8L Migal oroup of the
general fornula | include trii1sopropylsilyl nmethyl nnal eate,
triisopropylsilyl anyl nnal eate, tri-n-butylsilyl n-butyl nnal eate,
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in the binder system conprises nononmer units with a termnal group of the
general fornmula Il (as discussed above) in conbination with a second
nononer B of the general formula Il1l: Y-(CH(R4-CH(RB)-0)p-Z(lI11) wherein Z
is a Cl_20-al kyl group or an aryl group; Y is an acryloyloxy group, a
nnethacryloyl 250xy group, a nnalelnoyloxy group or a funnaroyloxy group;
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If p> 2, RA and RB are preferably hydrogen or CH3, i.e. if p>2 the nononer
Bis preferably derived froma pol yet hyl ene gl ycol or a pol ypropyl ene
gl ycol . 3R0h0oprke378 i s contenpl ated that nononers, wher ecm/BHRA1BOs14BRB ar e
| arger groups, such as Cl_20-al kyl or aryl, nay al so be useful for the
pur poses described herein. WO 2010/ 089378PCT/ EP2010/ 051437 19 As shown in
formula I'l'l, nononer B has in its nolecule an acryl oyl oxy group, a
nnet hacryl oyl oxy group, a nnal ei noyl oxy group (preferably in the formof a
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a Mono- Glafn@btdndesdeford d&@RoBddntHbe H15REQAPROHRe GX) ndiRbaow ah& Xy - Or
aryloxypol eth | ene glycol.In the al koxy- or aryl oxypol y- 5ethyl ene gl ycol
group, ee of polynerisation (p) of the polyethylene glycol is from
lto 25 SpeC| fic exanpl es of nononer B whi ch has a (nneth)acryl oyl oxy
group i I Al t
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At present, especially preferred are mineral fibres such as mineral-glass fibres, wollastonite
fibres, montmorillonite fibres, tobermorite fibres, atapulgite fibres, calcined bauxite fibres,
volcanic rock fibres, bauxite fibres, rockwool fibres, and processed mineral fibres from

mineral wool.



group (Y) and also a henni-acetal group. Mnoner C can be prepared by an
ordinary addition reaction of a carboxy group-containing vinyl nononer

sel ect ed woamoaspyBi ¢ aci d, nnethacrylic acid, nnal eic a&crdrt@n/osnrsnoest er
t hereof), and funnaric acid (or nnonoester thereof), with an al kyl vinyl
ether (e.g., ethyl vinyl 15ether, propyl 1vinyl ether, butyl vinyl ether,
hexyl vinyl ether, and 2-ethyl hexyl vinyl ether), or a cycloal kyl vinyl
ether (e.g., cyclohexyl vinyl ether). As will be understood by the person
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NDNONEr S, as N acr rene sulfoni c acid,
2- met hyIte‘zacd&qrm“aﬁh@théSlﬂ?oﬁié'é'rﬁ’é”%'nﬁrf%meéhyélfblod4 teTErBLHY, w 6z FEPiORY3PHER Y
propyl , gnn%tz.hagmd/dqu.ﬁmmeId@ﬁwt&e@me@erab&ﬁ@aﬂmy c@ﬁ@&ﬂds st B ed- M’haz’bﬁ}l)d

hosph
P onoal i aTaksnt & Bango S RO MG eEogt 415 Rhkb 2RI nonal kyi
nnal eat dsqteiagplinpet, EI;henZIthhwolmbhpw anQ%chytyahewmethyﬂtam -benzcshiazsie; arreal

anhydr i ct%r.%ms@wwwu@%é %a%wa%mmioﬁém.emdaea&w)anwi monomer (e.g.
hal f - ester of succjnic Cc an e or phthalic anhydride

with 2- rR}%inq{g?XYéP?’f{)Y')%ﬁ%taﬁ‘&dYﬁ %ﬁdéCh'or‘WBeQﬂM‘/%ﬁ%@ﬁﬁﬁ#@bi‘@?&’é@i%? 22 The

abows- nmesmtdrephedylmeap evides waymides cfocapmixyiead dse dulfanit aiddeandtod safenai avidshe
co- pol WEF.Eh W bhy, é’ hfbrroﬁﬁ%ﬁ rHé@iVA.deOQ' |@ﬁ|[)|l ﬁtl &m@@w@%ﬁﬁﬁ@sm@ﬁ?hm r@f such

Vi nyI nnerl sa nononer s ate nne ry at e,
et hyl ad\l §/‘F Qieéhy'@"teﬁy'l) Wﬁ*@%ﬁ?&%‘f‘%ﬁ?ﬁﬂ@ Zpi%gﬂm%ém lor %"OP'ﬁF‘@”ﬁS?’Ier Nhet hacryl at e,
butyl aqriybratienlofdiathy thitg tghaesividd, &1, N-@chathylacrpHeayien'- @adrplichloromethyl-

thio)-sulfamide, and N-methylol formamide; salts or esters of carboxylic acids such as 2-((3-

30 iodo-2-propynyl)oxy)-ethanol phenylcarbamate and N,N-didecyl-N-methyl-poly(oxyethyl)-
ammonium propionate; amines such as dehydroabiethylamines and cocodimethylamine;
substituted methane such as di(2-hydroxy-ethoxy)methane, 5,5'-dichloro-2,2'-dihydroxy-
diphenylmethane, and methylene-bisthiocyanate; substituted benzene such as 2,4,5,6-
tetrachloro-1,3-benzenedicarbonitrile, 1,1-dichloro-N-((dimethylamino)-sulfonyl)-1-fluoro-N-

35 phenylmethanesulfenamide, and 1-((diiodomethyl)sulfonyl)-4-methyl-benzene; tetraalkyl

phosphonium halogenides such as tri-n-butyltetradecyl phosphonium chloride; guanidine



5nnet hacryl ate, 2-ethyl hexyl acrylate, 2-ethyl hexyl nnethacrylate,

nnet hoxy ethyl nnethacrylate, styrene, vinyl toluene, vinyl pyridine, vinyl
pyr ol i dorwo 20iomgb37acet ate, acrylonitrile, nnethacryl oni criEr201diosnast hyl
itaconate, dibutyl itaconate, di-2-ethyl hexyl itaconate, dinnethyl

nnal eate, di (2-ethyl hexyl) nnal eate, etiByl ene, propyl ene and vinyl
chloride. 10Wth respect to the ligand (L), each individual ligand is
preferably selected fromthe group consisting of SoSIIIIlIl - S G R4 "' -
0- C RAlerivativgs s@h #&4n-dodecglgupidine Oydrbchi@idR4 dignfideDsu@hR4 bis-11 0 wherein R4
is a rmrxem%tﬁmh.&a%mow)roe_émfﬂfeetethefuemmrym d%fidéhgﬁﬁb%tee&ntm%he group

consistin C RS R8-

wher ei n CR%“WB”%?H%@%W%‘?“'&"%”&Fo@a?%?{ﬂp'aﬁnéﬁ)& REPPHIGP PSR TUgrospeth Yy bon

atons; Rerrofn@hdRVixeaehtiensbdépendent|y represents a hydrocarbon group havi ng

from1l to 12 carbon atons; R8 is a hydrocarbon group having from1l to 4

carbon atons; and RO is cycllc hydr ocar bon group having from5 to 20 carbon

at one, Fiesendly ialsirseiereashad theantifedinpiagenids an apend dbateiops nefcjodprise tin.

20l evopi nnari c acid, dehydroabietic acid, plnnarlc aC|d i sopi nnaric acid,

sandar acopi nnar.i ¢ sopi nnaric aci

2010/ 089‘§?@ﬁéﬁfﬁr@gi@gﬁgﬁ‘&?fg?§°ﬁ{‘§rf|8mé’§s'8?” E%Pr%ﬁﬁ’ﬁae aﬁﬂfOE'ILPgr%%?”be used as

l'i gands satested(fiom @engroumdssstngpf wiridget tiehenydwpare, Pt(p-dioBpheny)-3advepdrat i ¢

aci ds, wﬁltbnﬁ)SSJtﬁ'HL}blrérﬂétﬁyla;ﬁ}rl%ie Ad ifVEdzbe Bfiafithg SWFHBUASs, Radhiheni ¢ aci d,

SChauInno ric acid, hydnocarpusic acid, neo abietic aci'd, |evo pinnaric

aci d, pdl WP@"@Cld 2- met hyl - bi cycl 0-2, 2, 1- hept ane- 2- carboxyllc aci d;

aromati c carboxylic aci ds such as salicylic acid, cresotic acid,

a napht hoi ht hoi enzoi . hal ai ni ng
[ajlﬁat %e%gt%? r,(rimunt fr'l"‘ff}sD nt ouh%g%ﬁenqgs)a ééelptamzt plgalﬁ/ongﬁ rLszB %ggu Ioﬁ(;bt aci d:

haI ogen %bosichiasionep-ar 6(m—;ttY|S@|l@cYQﬂsﬂe stible castirm, @prBositipretd-orbOpiA8 iRy salidst i ¢

acid, 2,/4nhed mEofthgnexpodiigsetic acid, 3,5-dichloro benzoic acid,
ni trogen-contai ni ng organi ¢ aci ds, such as qui noline carboxylic aC|d nitro

benzoic acid, dinitro benzoic aC|d ni t ronapht hal ene carboxylic aci d;
| act one Wlagrbma}éd © theitotsl waigicipfalse pcuitm'g mbmpem‘dlcah,, theutof! la'rrtouatcd)fdhe ur aci I

deri vat | a#fuiBbabedd U AkbA RAGRONYLY B AShg ofty b URTAGEAGI:  ABEDOXYL | C

acid, uraci Fived carb Ic aclds, such
as dénl crgtweighy of HWnﬁS’raE”Q FQWPOSB@Hq epl P0a 2@1% bdé’Yﬁtd’Yq'qhéﬁfH‘eaF@?H”Q penicillin
G 15perdofipbkition.0; R fannycin B, Lucensonnycin, Sal connycin,

chl or oannpheni col, variotin, Trypacidine;

The binder phase

The binder phase of the coating composition forms the paint film upon drying and thereby

corresponds to the continuous phase of the final (dry) paint coat.

20 Virtually all binder systems conventionally used in self-polishing coating compositions may be
used as the binder phase of the present coating composition. It is also found that with
respect to the relative amounts of binder system vs. pigments/fillers/etc., only minor

modifications (optimizations) may be necessary in order to obtain suitable polishing rates.

For the purpose of illustrating the scope of the present invention with respect to possible
25 types of binder systems, a number of examples of binder systems for marine purposes and

yacht purposes, respectively, are provided in the following.

For yacht purposes it is believed that, the following types of constituents within the binder
system are especially interesting: (natural) rosin, rosin derivatives, disproportionated rosin,

partly polymerised rosin, hydrogenated rosin, gum rosin, disproportionated gum rosin, acrylic



and various synthetic fatty acids. (2) Conpounds conprising the group s |
-S-CG e.g. dinnethyl dithiocarbannate and ot her dithiocarbannates. WO
2010/ 0893vBRGI/dP2810/ 051437 24 0 Il -0-S- 0 e.g. sul phecTmEedidiosissy
aromati ¢ conpounds, such as 1-naphthol -4-sul phonic acid, p-phenyl benzene
sul phoni ¢ aci d, 8-naphthal ene sul phoni c agi d and qui noline sul phoni c aci d.
(4) Conmpounds conprising the group -s- such as conpounds conprising the
foll owi ng groups N. DOor -S-C 5(5) Compounds conprising the group -0- such
as as vaesiouotwingcaethoksthec a0d ripglargtate{ By cilotideoethdsne tampalyreensgStdie gr oup
-0- or -GhktRusht RAEASY be Plregéﬂllm bYEEHRlemd Y MBAhe p&Bb¥ARCO! , eugenol , _

i soeugenol, phenyl pheno benzyl 10phenol, guajacol, butyl stil bene, (di)
nitro phenol nitro cresol, methyl sallcylate benzyl salicylate, nono-,
di -, triFor nagihe purpabes, pembare«vbdi ﬂfaophuenqdjeouc hispegonasaler spdidros, aitylbedol |

chl or ot %W%F birfde” wsﬁarrﬁ)s ? CPI¥18 a?ﬁg'slé %F@e?r}%wmparg Q%ﬁjerc%llﬁ r“(Eé(r%Lt%e%éQe

phenol , ro-o-n

p- chPor cP“ﬁfiebéYﬁzWS milcr é%dlusarﬁwemqmsep heéreaieseribego ﬁarﬁmr letail igtheyfalqyyo-
quinoline. 15Wth respect to the nmetal (M, any netal having a val ency of 2
or nore may be used. Specific exanples of suitable netals include Ca, My,
Zn, Cu, ,m,aq{‘%ouf@spggon E‘Hdeﬂ\!ysteﬁl Si, Ti, Mi, Al and Sn. Preferred
exanples are Co, N, Cu, Vh, and Te in particular Cu and Zn. Wen

synt hesi sing the netal - contalnlng co-polymer, the netal may be enployed in
t he f or mheftetntss"naKiddacolyipeisidheresin”,CRIADI B simiiBEexpPeRhY BRY intecddbetaused i n

e b dfitar g/agf%f@owstm%urgQ@%w&s%oaggﬂ Shi 0BRGN ag LR Fgl Vet on
0 204 43@'65@/, h'mmwﬁowgvls@@wp@mw gsnmnlzehwbq@mpqmﬁw ¢ Ag t he

ter rﬂona|nogfé2|‘dll§§usquutd1ﬂe<§l§|ﬁ*ﬁﬁ allol-poRMtyAsoW AP aM Ry HRIghBRolcanROLgRT | sed (i n
order to obtai wi th ot her polynnerisable unsaturated

nononeré?”?ﬁ?a§d§1oﬁ%@ﬁ%?“%ggg et hyl eni cal | y unsatured nononer nay be used.

Exanpl es of such nononers are nethyl acrylate, nethyl nnethacrylate, ethyl

acryl at el'he%hyalquéaﬁq}g@%&{", %Elﬁ’mw t%)wepé\%{:l lﬁk/%trﬁ thB %Xllelrpfjﬁglpﬁgﬁ%lb@ e,

but yl acrélate nnet hacryl at e octé ate oct nnet hacryl at e,
2- et hyl Sieygnicaly Wfaét'@tedzm@'ﬂ‘l‘f??r "ﬁ'@%‘y'ls SRk 'leH'&érh)YFré’F%r boﬂﬁ‘é’t’%@‘dé‘tWI's
nnet hac rgoln&nﬁ@;sautew e, a poIVYiEr (tiod cerBepompbrient) yatyich Biifeduble iRthe pydrotadrelene,

vi ny|l , t th e,

di bult5 %&\% r|]s(,§h('f> eyc 05de di gtpﬁ%onﬁ%%{/r{?& %{.(%:nolﬂa c%rd%{? nne{hh;g?onr\{xllw on%fll%gﬁlﬁh

(2-et hyI in fescprdy OQ@ﬁ%ﬂneG@tVént Btthe Peasencemf @Wﬁ'éﬁ@n%ﬂmnwth?ﬁisaﬂé'hﬁ stabiiser) One
par ti culasdd #REp N mEOTHIENGBRIIVES 08 sREIISYh kife Qiveatiet hacrylic esters wherein

t he al cohol residue includes a bul ky hydrocarbon radical or a soft segnent,
for exanple a branched al kyl ester having 4 or nore carbon atons or a

cycl oal Kihe restaguetisdispgrdorotypapesin atilsas jn tigioVgrdiok whiehe agksic 8hown per se;
NNONOACIAhAL RIprBRRBETREIAGHIh AL OBULPRSH-byudaBY iBFkrdioh 81U Righs BhkY!

et her group or an ad hydr oxyet hyl acr or_ nne acr Fate with
capr2(9I ach @d for their preparation are déescribed’in, e.g., US 3,607,821, US 4,147,688,
4,493,914 and US 4,960,828, Japanese Patent Publication No. 29,551/1973 and Japanese

Laid-open Patent Application No. 177,068/1982. Specifically, as the shell component

constituting the non-aqueous dispersion-type resin, various high-molecular substances
soluble in a low-polarity solvent which are described in, e.g., US 4,960,828 (Japanese Laid-
25 open Patent Application No. 43374/1989), can be used.

From the aspect of antifouling property of the final paint coat, shell components such as an

acrylic resin or a vinyl resin may be used.

As the core component, a copolymer of an ethylenically unsaturated monomer having a high

polarity is generally applicable.



15e.g. as described in EP 0 779 304 Al. If desired, hydroxy-containing
nmononmers, such as 2-hydroxy ethyl acrylate, 2-hydroxy ethyl nnethacryl ate,
2- hydr oxywpnropyisozer yl at e, 2-hydroxy propyl nnethacryl aterTmeyodlosnsbe used.
It should be noted that in the resulting co-polyner, not all the organic
acid side groups need to contain a netal 1gster bond; sone of the organic
acid side groups may be left un-reacted in 20the formof free acid, if
desired. The wei ght average nol ecul ar wei ght of the netal -containing

co- pol yrRseferablygiéan epts dopnponentind theamyeaqfeofis dispelsio0OyregediB a0 0®e asidohouws i n

the r angﬁ, 1 LteP R @httaPe dMQRR metﬁfe%E@QJr&ud HW Iﬁytb‘?olpsﬁﬁglesegfwaftércﬁp 5, 000
to 60, 00 n_anot her i nteresti ngr(o di nent” of nventi on the coating

COMpoSi tCiOH}J?'@HP?%@Fre?fudD(S?fﬁFelbéye% / Qﬁﬁ‘iﬂﬂ“ dt-9: a§168r/@13}’1?"’€'glhf gafidar Weast
equal t ovdigre, bfi thamtbnboenedfehe care@otyimeatshaund raty fre®bcid gdoups ar silybegamni ¢

| i gard bhej

conpaundae e 7 B AEtehl: Asaheiee SHRSIbE WAL R RPRLNGrEL B | ot ones,
car boxyl Firepeéﬁifsd%f thegaigk (j’&ﬁP'@t'%'hIVﬁWﬂ?aséb‘?rﬁb’u ﬁﬁ§r QV\RIH%? www%@@dﬂfb@nwmr
defined #AteevigdroREigtn seapkerMRIlis HrRE@ItIRpraveirdd td1Raverpasviebndigiian tret Acigi t U.
30Exanpl Su of nnonobasi ¢ organi c acids usable for formng the hybrid salt

i ncl ude hndnocar boxylic acids such as acetic, propionic, butyric, lauric,
stearic, linolic, oleic, naphthenic, chl or oacet i ¢ quoroacetic abietic
phenoxyaf_s@Hpres ov@hﬁ@st%r w@h&hér@r&@a@ne&x@%h@uc BeRg@iabryRE aa@pt hoi ¢ aci d;

and nnonosul phoni ¢ aci ds such as benzenesul phonic acid, p-

2010/ 089378PCT/ EP2010/ 051437 26 tol uenesul phoni ¢ aci d,

dodaoyl tlenasmesaxlsrplamipeommm ofrtap eb atie mesypk phsinjl ester groups may also be

pphenyl be e, preferred method for producing the polymeric
hybri d sa %wteee{?egh@% %segﬁ i n Japanese Patent Kokai No. 16809/ 1989.
5Furt her b| nder conponents The above-nenti oned bi nder systens (e.g. the

non- aque@ié%xﬁie%ﬁ&ﬁ SHhQadt Héap” .§yr&&ﬁd8daeeféomeh@b&.&baatusdn e b Plopmbitnder
system em- one or

t
o e 1 urDRLR Dot et aSt Broue Bemert ey aitie st 8849 Far § A6 ior
conponerdogntee ithi i peederiah dwe qoaypoaitisn ot onbe iehvite@ananheAdmamitlestradiys eramplefit t he

genquaI id ORViER A 1Rl sOMe HeelddR PhUKEGHaPYS bRdent Y BB BRInPEaIBR] if slﬂlrcltm her

bi nder conponénts are:; rosin, rosin derivatives such as netal salts of
rosin i .BOURSEET FXRA5E] t45aIWaBEh as |inseed oi | and derivatives thereof,
castor oil and derivatives thereof, soy bean oil and derivatives thereof
ggf’y\‘j} 23{ afgge{b-é/t e%'n%nba;(;\u/eonusl el s?o%etgpé rgﬁ‘.’ncrﬁ‘asﬁasfsﬁta”c{aa@?ue& Maqg/ f5-40¢ 4§ FRNS:
copol ynes@H/ef prefangily 4t &e é@‘émd@Wganh@dl&dP )300 EMhEPH/ gy e éﬁﬁbﬁﬁid}l@lue

copol ymegrshONAN iréai isHelgw 151%93{1314/&' ﬂ%'pol@ﬂ@-’ﬁa&'é oﬁh@%&mt @(IJeKYéjtobqf&N BRd e

dif t t
Condinedr BieienpEPeiE il ke stadSly, Br HE AT wiich ihs WA RS
chl or i natbede po0 yetkBH/gnthe pohishang raéd sdop bigh feropgt easyn & prpbeneofceyiet yner s
such as 3LiyLRAE/RILA %e%@ﬁ%@k&éf‘?ﬁ §eam§&é&5 BO&J et ;%EFIEBH AhvRertf core

styrene/ acryl ate copﬁl* mers; 20acrylic reSins such as honnopol ynners and
copol yrrecroﬁ“pB\“erﬁé‘Pﬁﬁﬂr t'Pﬁﬁ%"ﬁHé&'F‘?P'?ﬁ”é corgaiRyihe AFE PREEEFSPT EodP: Meptiypcid value

nnet hacriybaé given smylgrcmpet banepkaingo erethddgloup ¥ hpdretybial Mk dkegin acid
hydrexy | i l,y. based on
di nngrl s\% eyh eereFé?r% tXn;géunc Qﬂtéﬂﬁzgﬁﬁggg&%ﬁé%meﬁ? ?8 1aga&3~;|3%§0ycl i sed
rubbers; (5@5’6%9nt@§'t)e?>§3reféb1§>@ycomfé¢ RbAR3cid gEivpdinetaRante aéﬁd%(%%ﬂrﬁﬁ@rps a
hydr oxy-Rateebh@t adi®giodp forfldyFHydRBy sisy SF B reGih Gsalid@8orweht). as 25copol yner s
thereof. The terns "rosin" resinate” and the like is intended to refer to
gum rosin; wood rosin of grades B, C D E F FF, G H I, 3, K L M N
WG W\t (sasivigeble tieat the atitherodBTENA OB 00 atidpncavddr group ¢ gontaisbdrin theacade r osi n;
yel I ow ddonp%Ré*t@ucH\ﬁaY\@%dcoF\%'t 'ﬂwerécﬁlé Q'alreglFPsclElH’anl'é 9913559%@“% Heferably

col aphoni unn he terms "rosin' ‘resi nate” and are al so

i nt e%%dec?tt"%?séﬁ? el TYE PEEfFTaRy & '?%ﬂb%é “opf thedrtel reeamra&& ‘ﬁ"'“q ‘?f tb%lf‘?rf gURHS

ol i gonnatispeediorotype hyai.ogenat i on; dehydr ogenati on

hydr ogenati on/ di sproportionation/di snnutation; etc., that will reduce the
anount of conjugated non-aromati c doubl e bonds. WD

2010/ 08938 Fi0tlignosnalyproferrpd that ghe she eomprdresns isoudirethabict he group of
further binder conponents may include polyneric flexibilisers such as those
generally and specifically defined in WO 97/ 44401 that is hereby

i ncorporated by reference. The dry matter of such further binder conponents
is typically 0-10 A) by wet weight. 5Further constituents of the binder
phase The bi nder phase (i.e. the phase corresponding to the continuous
phase of the final (dry) palnt coat) may - be5|des the blnder systen1

o o v - o o o



150xi pol y( et hyl eneoxy) et hyl phosphate, tributoxyethyl phosphate,

i sooctyl phosphate and 2- ethyl hexyl di phenyl phosphate; sul fonam des such

as N-et hywepotonispemsul f onanni de, al kyl - pt ol uene sul f onarcagEP2@diopaes such

as bi s(2-ethyl hexyl)adi pate), diisobutyl adipate and di octyl adi pat e;

phosphoric acid triethyl ester; butyl stearate; sorbitan trifoliate; and

epoxi di sed soybean oil; surfactants such as derivatives of propyl ene oxide

or ethyl ene oxide such as 20al kyl phenol - et hyl ene oxi de condensat es;

et hoxyl athedirmmeigbetdtiared thaaenrel egmpdnenhtatthashelecbrirnent indhelJAR edin oot

et hoxy! aetss@lc.mcr.mh hBRAL A G He rahdlObRI01@E /0805 kmLiPEeoY o, S8iAat e;

al kyl phenol et hoxy ates and soya lecithin;, wetting agents and di spersants;

defoannﬁWﬁhaﬁgﬂ@QtE&éﬁ7 as silicone oils; stabilisers such as stabilisers

agai nst light and heat, e.g. hindered am ne | ight stabilisers (HALS),

2-hydroxy-4-nnethoxybenzophenone, 2- (5-chl oro-

25( 2H) - mReedd dasle-bindet pydeiet hyl - 6- (tert-butyl ) phenol, and
4-ditert-butyl-6-(5- chlorobenzotriazol -2-yl)phenol; stabilisers against

noi sture or water scavengers, substituted isocyanates, substituted silanes

and 6rt Ho dherinterestiind embedimeiydf tes tngentiostthd bindsesysteay ti estisedXin dat ¢oatinguch as

but yl at %Mm%&w&emﬁa 1] th@#ﬁv%h%r?&anﬁbf@é?ﬂﬁﬁét@@Bé«yla?é &pMJ)IFJF?\H Rdveng at

t ocopherols; 2,5-di-tert-butyl-hydroqui none; L-ascorb nni t at €;

car ot end€3st N &ff ﬁh%” b%’fr}ﬁ’rﬁ%‘i’acsbi’%e %@IW‘%‘EQWHBPF Bsi Q?He@h@ﬁma?

anni nocar boxyl at es, ammoni um benzoate, bariun - cal ci um zi nc/ magnesi um
salts of al kyl napht hal ene sul foni c acids, zinc phosphate; zinc nnetaborate;
coal esci ng agents such as glycol;s,g 2-bu oxg et hanol , and

2,2,4-trinnethyl-1, 3- pentanedi ¢l ﬁnon0|so Utyrate; and thickeners and
anti-settling agents such ag, 11040893 ﬁP@g/EP20@0/051437 28
al unni niunntri stearate, alunninjunnnnongstearate, ricinus oil, xanthan gum
salicylic acid, hydrogenated cast oi |,/ pgl yanni de waxes and pol yet hyl ene
waxes. Dehydratlng agents such as drthopsopfonic acid ester, orthofornnic
acid ester, orthoacetic acid ester, al koxysilane, alkyl silicates Iike
tetra ethyl ortosilicate, or isocyanates. 5It is preferred that the coating
conpositions conprise dyes and additives in a cumul ative anount of 0-20 A),
e. g. 1-2theRin nby as dltegks of dloumeretnd KeRe BatR:n8. sohposEtas dafinddiabove.el ated to
the total weight of the coating conposition, it is preferred that the
coating conpositions conprise dyes and additives in a cunul ative anount of
0- 1304) , Whilegn ispniiptegyr, of dy 2wét 4 ReMgr 10 In Meseerses RFfEERATO3T B iso. orbEXanpl es
gf sol ?/65)0@0 %U& &4 mb@ldjanbgyzhsaal H?éﬂé&a@@ﬂn gro@bbaén@dted ﬁb.ana@ghuplcs@mtmganol

ut ano o] enz al.co ti cl oal tic, an
aromati ¢ ﬁ;ﬂ%%kafgbﬁ guéﬁﬁgéwmﬂxonaﬁ ? ?uﬁ%@%] Heﬁdﬁmxyfo uquﬁm”&ylene
and napWh@tltg@ﬂ\p@ﬂnoxykbeﬁé@esumﬁhagbmfnwuletl ityib oRearaltyenrefecret dimat,eapiet hyl

'hSObUt ylofhed aw@,ana%tmy+ g!ro%@@ﬂé'é/bp Kﬁétﬂ)ﬂ@s cQu‘b%ﬁ%Ed?ﬁ’se(@-' rarn@gl II%QQaW' 0-
exanone,;

t
oGNP S5 BaEoT St GPGLH PRROH OB ADF el MERPs Stfst edEr: and
but yl dl(glgyatthdl ,Ciestlieixg os (¢ h-allsyl@ttioylyl. A6 dididated qmoapyFkl RCed@AbEthe same or
nnet hoxyg Q g&%tate n- butyl acetate and 2-ethoxyethyl acetate;
chl orinate rocarbons such as nethyl ene chloride, tetrachl oroethane and
trlchloroethylene and m xtures thereof. When related to the total
\évgl ght Q\ﬂorfoh%@@ﬂﬁir&ihg&ﬂ&ﬁé}ﬁhﬁdl@Fbupt;'bf Th‘é g@h@faefommau%lbvé hﬁycb@@t/mtnlsusefd 0. 60
conp05|t r more solvents in a cumul ative anmount o
A, e.g. % i"nB%b%%égﬁﬁéﬁght of the coating conposition. In the present
cont ext the term"/0 by wet weight” is intended to nean the melght/melght

per et agen HhoroRerdehy B@%%|y9feng&e(.ﬁeﬂie+ Etgo&g.nmﬁé bd-bOmet itk R b
understood t hat sol vents are included. 25| resent context the term

"10 by FOMULISHIE MAROTEE A ﬁ’faé?f&%soOftsH'tﬁté%H'”t/'h‘é"% AR VINGRE pEF Nt age of
t he sol irdethbcrelatenesters elat ad reéthm’mémac@faté leehyt eathazeylatenmagl rhétbacrylate, 2houl d
be under I Preferred

enbodi e%ﬁﬂﬁ&y? Q@{h&%}/atgo% M\%%)%/fe vyl ﬁgztﬁla(r%%ﬁ:;&le afid }ne@rqtfxy%'ﬁl’%ﬁ ﬁ%g@%ﬁ? i hvent i on
are the afcﬁi'q’té\ﬁﬁti‘?gs LEaeE s Bﬁd'ﬁfﬁzﬁib" aeylate, \?\(9“2‘0'1%08@8‘?%1’/3&%010/ 051437
29 A A@dﬂﬁwﬂmr&aﬁ@t@ &%Iefcmi éﬁ&is%gcm@éi@hﬁgww:ﬁm% &ﬂcD(ﬂ]eﬂhQnFﬁéledeng 50-75
'3‘)5 t5)0 A;}L@gﬁc \a{?ld 85 €rs ﬁucﬁas pe%h%?@r%‘gr%fe arh(}adslgthylof{lmarate srré'!ege e%gyé%é?uenﬂp“ si ng
(i) starch and (ii) an enzyne sel ected fron1any|ases in an anmount of 20-49
A) by solids volune of the dry coating, and said enzyne bei ng 5i mmobilised
on said starch. B. An enzyne-based sel f-polishing coating conposition
conprising 50-75 A) by solids volune of a binder phase in the formof a
blnder systen1and 25 50 A) by SO|IdS volune of a plgnent phase said

o o, - - o M.




C. An enzyne-based sel f-polishing coating conposition conprising 50-75 A)
by solids volune of a binder phase in the formof a binder system and 25-50
A) by solwod=owalses™e of a pi gnment phase, said pignent phase/rpespnsssng (i)
starch and (ii) an enzyne selected from anylases in an anount of 1-10 A) by
solids volune of the dry coating, and saiid enzynme bei ng 15i rmobilized on
said starch and an anount of 10-41 A) by solids volune of one or nore

pi gnents selected froma group consisting of cuprous oxide and zinc oxide.
D. An ernpsthelstysened visel dhiqudki ¥hylrgetotsabitagicoongsodamidenacdapkilsi methBOYIG  A)
by sol i dgidvatiiBadd, idBHHRlet AR bRd Hakid fidn of a binder system and 25-50
A) by solids volune of a pignment phase, said pigment phase conprising (i)
starch and (ii) an enzyne selected from anyl ases 20in an anount of 20-49 A)
by soli dIEhe\aDrhdmmeoD\flmtlfmelyd‘re)fsmeitrioﬁgmelandnstahd'e&hzlyaﬁ°/bB\if ngightrotik ltotaled on
sai d st |IdS

vol ure. P Bk ARG b 0GR Fhirck B AR Bl S Apadih hectlaidty

conpasi ttheﬁrr@énwwmwgt%@comprﬁ)ngbtpe é‘iﬂﬂ“@% gwpaﬁétt@rgeae@i fodrlag rbeee Isrﬁtt he
form of |gadpisdey waigiteim prRetukpabRad) 1d0% wokdigiy. vol une of a pigment 25phase,
sai d pignent phase conprising (i) starch and (ii) an enzynme selected from
anyl ases in an anmount of 20-49 A) by solids volune of the dry coating, and
sai d enZiweeokmiymiers prafdriably dede origbtdckradeanclhculamekights anthiefrandd ofd ,Gifent i n
an amount s&f ob, Qéct?Qs tﬁ)thtp}’alﬁglo'fg%oﬁoll 56806y, ld16h E#{eyraﬁ&@&f' 91800-$ &b8,000, in

antlfoulln agent chosen froma th gro%P consi sting O
pyri di net @qu}gﬁéaﬁ);'oggrrgweooo in the range of 5,000-250,000, or in the range of 5,000-
2- (pochl moqtmenydaaotﬁerommtuﬂg bimbodioebt dfrthé inventsmbe rmyidepwst@h & bBadsed in

30i nni d I 0i; . {
enzyme- %ég ég tﬁ@r&%)ﬁ\' g&wwsche ﬁﬂlﬁllglbt(% ?@p‘?u‘éésoé‘?raﬂdt&? acrylgbe %olxgneg
sol i ds \t@ww\ﬁ@tdﬁastaorm %@fe@haﬁh%@émg ﬁt teﬁ@ (Tf@rtﬁ'ir@iﬂa'aarwmﬁéhe §9'3€tre|rfprz§‘ﬁda P5-50 A
by solids volune of a pignent phase, said pignment phase conprising (i)
starch and (ii) an enzyne selected from anylases in an anount of 1-10 A) by
solids volunme of the dry coating, &pd said enzyne being WO
2010/ 089378PCT/ EP2010/ 051437 30 i mjobi | i zed on said starch, and an
antifouling agent in an anetH¥—O0F—$i-2R,A) by(Bol i ds vol ume of the dry
coating. G An enzyne-based sel f-palishing coating conposition conprising
50-75 A) by solids volunme of a binggr phase in the formof a binder system
and 25-50 A) by solids volune of a pignent 5phase, said pignent phase
conprising (i) starch and (ii) an enzynme selected from anyl ases in an
anount of 1-10 A) by solids volune of the dry coating, and said enzyne
bei ng i nwrbéihixz ed Rrang ®s Areséadafined abebean anti foul i ng agent in an anount of
0.05-20 A) by solids volune of the dry coating, said antifouling agent
chosen fromthe group consisting of pyridine-triphenyl borane,
2- ( p-=chlkxeoples vy Mengmesedraying-diconingl Goup pf tha@coemkfohiphlagl fshowe abens) are
10i nni daa%@'f@n&%&l&hﬁw BGIyﬁ@ﬁE&H&@%norﬁ%hs&ﬁ NRESaA diriRd rBRERGYIRtdcRN Of
res Lnve ntion al so hod f or

the coatin on The rovi de

the pr edAT PR 000 RSB @rEa0M 'S 1T OB SRATGakd eI EoHBGeThon s
def i ned atoms)ngr fomeriofcid Kprefesably B, the &irch ofet inoklkyd kpter githd -6 babert efpnc.
bringing (i) a polysaccharide and (ii) an enzynme capable of facilitating
hydrol ysi s 150f sai d pol ysaccharide, wherein said enzyme is inmobilized on
a carri eVithvgasegstde the WorpRPSItyYLIgr@URM iteh the 15 (rﬁ‘d)éPw)é%ﬁéﬂ@NPaﬁU)W@ri@ thst ahpyee
consii t yeihSaseber| RY R, BAMRINES be dBkelEdrhey 8SdiffSieht €0EBas O gmm @.g.frhdth@r s,

T In(t:)lr 53e2et9\hagr%|f)¥{ég&ylhe a e'i]tsgc’h aasncgc éé(tyﬁatmr(]je ubstq:ute%b :I(S)Ig t I ; lllfnt s to be
conposi tAheny .antmaplibgl |0hgutt,5§t‘|cr§@’51‘="'o’l org- ofiuttsheltq?ﬂ @wmtaﬂdw@mtvtﬂd rithtﬂjWépar ed
usual 'y d¥nipiesionustiitlied @Kos RET RAIBEEN e, QY eC,GREBANRIBRINA! hitd! o08eR0Or 1N a
di vi ded fashion by a conventional apparatus for producing coating
conposition (paints), such as a ball mll, a pearl mll, a three-roll mll,
a hi gh speedspdtiipexsaies dﬂta&stmuaaleitnqwm*;pwsgjrbtim(m:e Ettecﬁr(dj;)(lg)m) gdoep)

:c I”?’?z'%t ' %OWRW th%rb%:nleéél FOQHL%I IrHrrfglnEI]yB% %etﬂ%&ly}g{etrltethlﬂsﬁﬂt ﬁﬁ gﬁiﬁ%ﬂg?gl n-
filters, bUE‘('iM ttﬂt’%efloéﬂﬁ"yl‘rltr'tfeP%”t("é'%" G]%?GXMMH'K"&%Y'%'YT |t'l't“e<i‘%je%5('%‘k
Cuno), &Hﬂhe]ﬁ&ag - pahdtRyiphdrlylsyl StribeXzydapia g)-2-raéthbiysoltdpyigityil, o -fet - Butat i on.
The coating conmposition of the present invention thus prepared nay be
coated as it is or after having the viscosity adjusted by a diluting
solvent, on a ship or a maritinme structure having a rust preventive coating
material coated thereon, by e.g. airless spray-coating, air spray-coating,
roller coating or brush coating. The exact techni que chosen depends upon
the object to be 30 protected and also upon the partlcular conp05|t|on

e a -~ . r



10The coating conposition according to the invention nmay be applied to a
marine structure to be protected in one or several successive |ayers,

typi cal | ywd 2vm/d8937ayers, preferably 1 to 3 layers. The acy/Breémostaszkness
(DFT) of the coating applied per layer will typically be 10 to 300 linn,
preferably 20 to 250 linn, such as 40 t01800 linn. Thus, the total dry film
t hi ckness of the coating will typically be 10 to 900 turn, preferably 20 to
750 turn, in particular 40 to 600 turn, 15such as 80 to 400 turn. The

mar i ne silyluethytdimetbylaihil ohbbtylliroetavlsitny di-dspeobylrohutatsiydr chonly!-tion-tbhtylsilyl,

i nventi g /ﬂﬁa(ropﬁ/kﬁ%lc.xtﬁéilyt Quc‘}&Mhé?&lpﬁQﬁ/ylé?lfyl BerpiodE/ 1N Gk, QIod% |d|ShéP.*91 ects
that come into contact with water, for exanple vessels (including but not
limted Y %‘Sﬂ@envmyés"y'mt orboats, motor |aunches, ocean |iners,
tugboats, tankers, container ships and ot her cargo shi ps, submarines (both

gg”“c' easrspﬁ%’ﬂgeQacFﬂ%S%# DREbIL m %Ha‘%r rf%‘é%.d a’e‘ﬁgé@hn%n&fne%' 4eaF|ng)gtfl)east%ths shore

CcO ns ruc | ONS an such as
pier$, ;iie'rm'nas;mlm@fdgegsruﬂfgltfpﬁﬁwleuﬂeéﬂ 'ﬂ¢'@ﬁaﬁtaﬂ%W'%'&W%b)aCUﬂﬁ!@r%‘thék oi |
wel | st rdigike®Sacefiste, ﬂﬁha)rajw,%npwaenq)mewﬂeg:uhédpbr@ylsnﬁt(m(eh@bwlass t6oel i ng

| ant | h d
boat s arfd b eD Bt PSSRy heBPReyERosT s e e agrud Fron o
a mar i nen-smylgiti! imeth)adnglaver kri-nehexvIsilnt {metd) anaylatlej trsn-dotyIstiplaimeath)actylate tri-
pri mer - sy gbey i @rhet'mé'crﬂ%Pfrlpﬁenﬁﬁwﬁ(rﬁéthja%bwété @ﬂ;sirrmwﬁ}%n?@wyl ohetre

conventi onal ign of coatin
comper tIeBe; BoREIY G Rer Yt RISy i g PIeHRr S FER S G TR e an®
ant i - cor(resh)aeryate, rasopoqivi-oraltylyiivl Ohéthyeedyiaty, @rokigidein-tiftylsityl (meth)acrylate,
adheS|o t

oxan rH‘ E&&W@tﬁ%’ygf iy r(.‘%(eth&%cw e, a#%%&&g%érﬁ/ﬁ?l Méﬁ@%ﬁ?@ t%{@é?er&t of
from 16(§|Iyldn@(_t)l@awy{aﬁe,|apg 'wv'pﬁae%ﬁ%{(%%ﬁwﬁe -an amino type, a carboxylic
acid type or an acid anhydrlde type), a conbination of a polyol resin with

| ‘ :
i byt Y eoPEr A BkrA R b S aTE Bu B BRI 3a 5 B TRELTNT kP
pol ylést eat lgagt pme @rminakgriolik of thegeaersl fedmuladyos ibwmcludatiiisapfopyésivlimetty! f urt her

cont ai niRgese! nﬁfsromly@m lafnyi Aialddtd, smbo@ﬂsmhq;um%a%té Lt@)qq;uty@ah@ﬁ,rsw c
resin or a vin ori S urin accel erat or greventlve

pi gnent , m‘?f“&'d?%ﬁ?‘ienbbb‘iybifPé‘ﬁf‘y's'%”@%Fyéﬁlfé‘?ag%ltﬁ'ﬁ%P{Ppy'%{'yk'@FWh um

t ri al koxyisbprapgdsityd amp@lfiacharae plrias-butylst@rn-baml fadﬂrthVtert(tﬂﬂﬂhlpaSnyMMl

anti sag r gent), or a tar epoxy
resin t%gemclggﬁ%aégnaﬁ]%etrglftgﬂﬁgéﬁégyg%%g%ﬁgi@ép té‘. Use and Met hod The

present invention further provides the use of a polysaccharide and an

enzye qambh@ré@tmj @ﬁ\bbdjlfr@ht dS‘tQhQ)bEHs@htymént@ﬁ t$1@|cd p@ﬁ}h&éﬁ@@@@agédda thsal dt
enzyne sition
Lo bt ovitieeL el TS meRier oot Mol Bip g BhnBerm bne ofRERLPHRERIEEE { he
enzyne |®swmmmbbv®emcmblsamqm Wwith § sewor andandener Breé thr esneral farmpéntli:on f ur t her
provides a nmethod for providing a self-polishing effect of a coating
conposition, the nmethod conprising the step of incorporating into the

coati ng conp05|tfbH}gRﬁbPVGQEQha?lde and an €Hzyme capable of facilitating
hydrol ysis of said 15pol ysaccharide, said enzyne being i mobilized on a
carrier teri rticular, the e bilised Nely
ol ysacchBreng s rite s RUe Tl e B0E R e B e eowng
r ega>di r@ytgh@ippglryad@m@mzm greumpida fth@areviszwoural wrﬁﬂblaye independiaeidt i on with
t he use RpEiddFR Bt RdusiescistiRgdr RRPYRN, C . ldkyPBsd BvefREAd apesirgeat of

t he above-specified use and the above- speC|f|ed nmet hod, 20respectively, the
enzyme i€ ‘gl ucoannyl ase and the pol ysaccharide is starch. In a parti cul ar
variant, the glucoannylase is innnbilized on the starch, e.g. by

Spr ay- drIYbQQkI CXAVRLES dhefbadh Py dtBicorzal, bl %&%@%&M@.%P&&Qm' des
The wat er - sol'ubl e cont ent ? ¥ sacc arl es i's determ

gr avi nnetefived Py, 2 RREtsens QM&E%%PP'M%FOP%'GW wuepli n dei on| sed wat er and
stlrred effectlvely The slurry is then centrifuged at 15,000 rpn1|n ten

h f h d
o e ar B i S TB B S O ae esb Fo PHE R 35 BB Tq B TG P o ¢ est

Ci.20-alkyl or aryl, may also be useful for the purposes described herein.



Pol i shing and | eaching characteristics are nmeasured using a rotary set-up
simlar to the one described by Kiil et al. (Kiil, S, Winell, CE, Yebra,
D M Damwoharmsmspz7sK, "Marine bi of ouling protection: degcgmrEpedtoosnsyol | ed
rel ease antifouling paints.” In. Ng, KM Gani, R Dam 5Johansen, K (eds.)
Chem cal Product Design; Towards a Perspeotive Through Case Studi es,

231 DBN- 13: 978-0-444-52217-7. Part 11 (7), Elsevier. (2006)). The set-up
consists of a rotary rig, which has two concentric cylinders with the inner
cyl i nderAs(showorin fodingkeel le mopbm@r B has imigs inelegile a0 .atrylayjoxe apadyl e nufthaantlat i on.
The cyl iRy edig, a'@alélm ﬁ/egf#oupn pﬁ‘efte%K/ |ﬁQHé ﬁirm'd?g ARRME, QQyI@Q@r')'&rraes of

Art|f|C|aI eavvater p %3 osition of Artificial

Seawat erU8a[dY %ﬁ&%ﬁt@aqf?rawy 'rh“be/ ER& ”ﬁok%‘)ﬁtﬁhkyﬂi%r 13 AnHeses 8 10 The
tank i s drotd eq awd blsolatidolk)-es drgokypedietityhemelgiyeui. i the eMpxyetuir ahyl@tyhalge es

turbul e e X | I e

pai nis. T DloER, e B bp ot P A BP BV ERE B SR e
of usingX*wo cylinders is to create a close approxi mation to couette flow
(fl ow between tvvo paral | eI wal | s, where one waII noves at a constant

15vel 00|§ e)cf he rotofr a edh 0 51 t 25 C ﬁjunl ess ot I’WI se
spemhed%/ e S PRE B m?%" ‘%J ?sr%é'ﬂg "T‘CyW Of ORIy ML RS S
hydr oxi deetbpxyetimi Wdﬂhmwlaﬂe» cthalsyedhyl Sanrth) exylatee Pmrepetied (msthh@:r\da@r head

t i t
(ngﬁpg:ju X@@h (éhétﬁga%m&é ﬁséiawgyrﬁ;g (&EtmylH@SHﬁtﬁd&Qd EARABGRoIPAI N

p usi Doct or
Bl adé adﬁ?qt'&)éfrdlat%r??’fh%f%%‘?}h\éif%g'éﬁo' %Gthé?ﬁry'ﬁi?a?‘i% gydée&H)ﬁFréesg'gﬁiOZ appl i ed
adj acent(neth)209&td) adtl kéroxyiettylanedhebofmdbh mdeylappl i cator with a gap of 250
pm After drying for 1 day, the coated transparency is cut in strips of 2
cmresulting in eight sanples of 1.5 x 2 cnn2 on a long (21 cm strip. The
strips arREcpaxarerieosl MeromestBorhich hes ¢ eraleinqyloxy wr fspargylpeewoURit @r one

week, thfaot&sd incBidé mettn@t/@w r&BdtydMéle@& teh@xﬁxmmemewco|wmefsa|@rt@ renoved

ft 35,, 65 d 140 t d hi
Gep s, ernduliBnai’ur 2 Sl Bhfeks braneReRaiye i ER il e B 09, o
whi diy t hralyyl aneghyd uppal¢ate, H@IXbxs@le owthy! malgade, ahdthexyetftyenibatye furadrate; efoxpf t he
sanpl e losetnhaﬁkeay&ﬁ inetaem QiRarbed, @{hofxwr.mﬁymne F@Wéémémw fLSRFNE hrbs& L

t hi ckness s estab usin E%% B Cross-section
| nspect 1Y NS S TS 08 SRR PEIYDY GBS RS TU8R e LG M y t est
An acrylfumatast panel (15 x 20 crn2), sandblasted on one side to facilitate
adhesion of the coating, is first coated with 80 pm (DFT) of a conmerci al
vinyl tar primer (Hennpanyl 16280 ex Henpel's Marine Paints A/'S) applied by
ai r spr &5 WY be Apderstoqd by ibgrperselt shilleg 0 ithaeardfother viyl mpneRersnmghee | abor at ory
at Irztzaomt .hwma&tjum enel Ry i to-palmbr tcﬁnp&@ﬁigl@tﬂew\mbhoraemﬁﬁscmwab %dc@rrﬁMéle
applicato

r, a
2bp1 | eq e diehe ot 9RByT i Ragh aPok bt b gl ST G PHERF et
panel s anendmeredite having actwﬁamﬁilgrqnmfﬁlwgemr%é@mm Br(shdwn ablo)ivs) inest site the
panel s abmuidHeeh S thd s&BANMRIRAPMY B%f%'fbﬂh&lé(m@sﬁo'% dR0ge of 29-31 parts
10 per thousand at a tenperature in the range of 29-31C. Every 4-12 weeks,
i nspection of the panels is nmade and the antifoul | ng performance is
eval uat ewlitlaesspeditt gtHed nidhemesadoep@yroamtablie withithe aBoveGmentsahet endrengirs)eBe f or
each,-of n radi ng
o “Sor fF rana 28 PP Sy A e S oy B e e B Bl h PsCor o
Foul ed FHEHSEYPRPOVD %foul ing 1 0-2 % fouling

was

It is preferred that the proportion of the monomer having a terminal group of the general
formula II is from 1-95 % by weight, that of monomer B is from 1-95 % by weight, and that
of other monomer(s) co-polymerisable therewith is from 0-95 % by weight on the basis of

30 the total weight of the monomers.

The molecular weight of the resulting co-polymer thus obtained is desirably in the range of
1,000-150,000, such as in the range of 3,000-100,000, e.g. in the range of 5,000-100,000 in

terms of weight-average molecular weight. In a further interesting embodiment of the



2 3-5 %fouling 3 6-25 %fouling 4 26-50 % fouling 5 51-100 % foul ing

The fouling species of nost relevance are animals. For animal fouling a

| evel of woi2810l08e378si dered good. For al gal fouling, a |ecelEpedrowpratp grade
2 is acceptable. Test for residual enzymatic activity after prolonged
exposure to sea-water Paint film pieces boomthe rotor trial were inmersed
in Artificial Seawater (cf. Table 1) in 6- well ELISA plastic plates and
anal ysed for glucose devel opnment through 3 days of incubation at 20-25 C
Gent | e myesankimyvefon; b oday smstemds bapiskd edkthaictating cohmwketiohaeodlifd KAhKS5130
20 cont riglentiBR ebabesds GARLAINHAMHaYin8 tmdHdher Rifks LR aGLHGRS§raGaAL Batdran i n

t he sol vent ghase was anal ysed by a standard %Ioucose assay ﬁ}s@ee bel ow). The
act i vi t yOURY? thi@s dsrsrdeadyead IptioBihg s EPIL BRARYFES &7 Wi 4 FR! Pai nt )
where 1 fa@H®PIV:s defined as the surface area required for releasing 1 ny

gl ucose per hour. WD 2010/089378PCT/ EP2010/ 051437 35 d ucose Assay: The

gl ucose sanple (10pl) was m xed with a substrate blend (290pl) wth excess
HOX (hexose oxi dase), Horseradi sh Peroxi dase and ABTS (2, 2'-azino

bi s(3- et hyl benzt hi azol i ne-6- sulfonic acid). Fully HOX-degradadi on of

gl ucose produces gl ucol actone ad H202, which reacts (oxidises) ABTS and

i nduces a spectronetric detect aple colorimetric response correlating to the
S5sanpl e gl ucose concentrati ofi—Qthe gl Utdse concentration was quantified by
measuring the absorption at 405hm and by using a standard curve of 0 to 0.4
mg D-d ucose/m . The substrate ®fend used was conprised by: 4.6n1100nmMV
K2HP®4 - pH 6.3; 200pl ABTS sol ution (500nmg ABTS Sigma A-1888 to 100nml H20)
; 200pl Peroxi dase solution (10nmg Signa P-6782 to 100mL100mMM K2ZHPO4 - pH
6.3); and 20pl purified HOX (HOX from Chondrus crispus was used as

f er ment ¥hH58IN Brio Bh 29 |9Y ONEPEHPad MEERREH I BHERKYi Hoyra Rl cApIPYCHPHB AN 2

EP- A- 083drdkoyid grdipl bh@BothGE @F dhd1g, &re (Rapeikgt al (T. Rand, K B. Quist,

C.P. Walter & C H Poul sen. FEBS Journal, 2006, 273, 2693-2703).
Preparation of spray-dried starch with glucoanyl ase (|l aboratory scale) Corn
st arch, AsiahaivnédfeamuE lyemodGAeriC heoimiGangkitlls amadygylvzparmy] asetiobt ai ned

f rom DanicaQif,Srhs oSREBKo fokeetolip AR} BT mbRS Ao Wbhic, Zaud Sty ch and

gl ucoannylase i'n oncentration o units/g slurry are spray-dried

fromla VARIHMPEAYIARY 95PUPSEEETERP!Y Iathe ToRD &f a1 easet e eptsNids N wWsasEeE  and

the air guoab pOweealso wtHeeti-deetapgroapure is 80 C. At the spray nozzles, water

cooling with O Cwater is used. The apparatus is a Mni Spray Dryer B191

from Buchi | aboratory equi prent. Preparation of spray-dried starch with

gl ucoamMlenvenef i Jeptbessenasgd boam pifinang peditionpigedianedf aasroxy aroupswoiaifingm

fCar gi l : ,vim%ong@péa%a%@ﬁgngaiﬁt aed, ﬁnﬁ@m@t?ﬁ’@&@&,%ﬁéiga%é‘orrﬁn&%&s{éﬁ }Nat er Eo
orms r o] se 7. st arch, . er. an ucoapnyl ase at a

concent rarFefl IR basee Aty ot intred v EP bRl cum Bl 4 G By

spr ayp- dratieet, proipel \amtl iethet youliel s/ires etinea ek g d/inyh ethiee god reetbyip gt vipylegiberdt éron

before addicfob@yr iy hfer $&.8" SIS Mnyl 8HepY - dryi ng was performed in a Niro

NP 6.3 spray unit with an atom zer wheel 25operated at 15000 rpm and a feed

rate of 40-50 kg slurry/h. Drying air inlet and outlet tenperatures were
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gl ucose standard curve for quantification. Conposition of test paints
discussed above.

It is preferred that the proportion of the monomer having a terminal group of the general
25 formula II is from 1-95 % by weight (preferably from 1-80 % by weight), that of monomer C
is from 1-95 % by weight (preferably from 1-80 % by weight), and that of other monomer(s)
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co-polymerisable therewith is up to 98 % by weight on the basis of the total weight of the

monomers.
The molecular weight of the co-polymer is desirably in the range of 1,000-150,000,

preferably in the range of 3,000-100,000, such as in the range of 5,000-100,000 in terms of
5 weight-average molecular weight.

Metal acrylate binder system

In an interesting embodiment of the invention the binder system to be used in the coating
composition according to the invention comprises a metal acrylate co-polymer having at least

one side chain bearing at least one terminal group of the general formula V:
10 -X-0-M-(L), (V)
wherein X is —-C(=0)-, -S(=0),-, -P(=0)(0OH)-; M is a metal having a valency of 2 or more; n

is an integer of 1 or more with the proviso that n+1 equals the metal valency; L is an organic

acid residue and each L is independently selected from the group consisting of

i I i
—S$—C—R;’ —0—C—Ry’ —O0O—C—R;> —O—Ry"
I
—S—R, and —O—ﬁ—R4,
0]

wherein R, is @ monovalent organic residue, or L is -OH or combinations thereof; R; is

15 hydrogen or a hydrocarbon group having from 1 to 10 carbon atoms.

Examples of monomers having a terminal group of the general formulae V (shown above) are
acid-functional vinyl polymerisable monomers, such as methacrylic acid, acrylic acid, p-
styrene sulfonic acid, 2-methyl-2-acrylamide propane sulfonic acid, methacryl acid
phosphoxy propyl, methacryl 3-chloro-2-acid phosphoxy propyl, methacryl acid phosphoxy

20 ethyl, itaconic acid, maleic acid, maleic anhydride, monoalkyl itaconate (e.g. methyl, ethyl,
butyl, 2-ethyl hexyl), monalkyl maleate (e.g. methyl, ethyl, butyl, 2-ethyl hexyl; half-ester of
acid anhydride with hydroxyl containing polymerisable unsaturated monomer (e.g. half-ester
of succinic anhydride, maleic anhydride or phthalic anhydride with 2-hydroxy ethyl

methacrylate.
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The above-mentioned monomers may be co-polymerised (in order to obtain the co-polymer
with one or more vinyl polymerisable monomers. Examples of such vinyl polymerisable
monomers are methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate,
propyl acrylate, propyl methacrylate, butyl acrylate, butyl methacrylate, octyl acrylate, octyl

5 methacrylate, 2-ethyl hexyl acrylate, 2-ethyl hexyl methacrylate, methoxy ethyl
methacrylate, styrene, vinyl toluene, vinyl pyridine, vinyl pyrolidone, vinyl acetate,
acrylonitrile, methacrylonitrile, dimethyl itaconate, dibutyl itaconate, di-2-ethyl hexyl
itaconate, dimethyl maleate, di (2-ethyl hexyl) maleate, ethylene, propylene and vinyl
chloride.

10 With respect to the ligand (L), each individual ligand is preferably selected from the group

consisting of

S (I)I S
—8$—C—R;’ —0—C—R;» —0—C—R;» —O—Ry>
I
—S—R, and —O—ﬁ—R4,
0

wherein R, is a monovalent organic residue.

Preferably, R, is selected from the group consisting of

R7 R7
_C_R5 ’ RB—C_ R5 ? —Rg—Rg and Rg,
Re Re

15

wherein Rs is hydrogen or a hydrocarbon group having from 1 to 20 carbon atoms; Rs and R;
each independently represents a hydrocarbon group having from 1 to 12 carbon atoms; Rg is
a hydrocarbon group having from 1 to 4 carbon atoms; and Rg is cyclic hydrocarbon group
having from 5 to 20 carbon atoms, such as abietic acid, pallustric acid, neoabietic acid,

20 levopimaric acid, dehydroabietic acid, pimaric acid, isopimaric acid, sandaracopimaric acid

and A8,9-isopimaric acid.
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Examples of compounds which may be used as ligands are:

(1) Compounds comprising the group

e.g. aliphatic acids, such as levulinic acid; alicyclic acids, such as naphthenic acid,

5 chaulmoogric acid, hydnocarpusic acid, neo abietic acid, levo pimaric acid, palustric acid, 2-
methyl-bicyclo-2,2,1-heptane-2-carboxylic acid; aromatic carboxylic acids such as salicylic
acid, cresotic acid, a-naphthoic acid, p-naphthoic acid, p-oxy benzoic acid; halogen
containing aliphatic acids, such as monochloro acetic acid, monofluoro acetic acid; halogen
containing aromatic acids, such as 2,4,5-trichloro phenoxy acetic acid, 2,4-dichloro phenoxy

10 acetic acid, 3,5-dichloro benzoic acid; nitrogen-containing organic acids, such as quinoline
carboxylic acid, nitro benzoic acid, dinitro benzoic acid, nitronaphthalene carboxylic acid;
lactone carboxylic acids, such as pulvinic acid, vulpinic acid; uracil derivatives, such as uracil-
4-carboxylic acid, 5-fluoro uracil-4-carboxylic acid, uracil-5-carboxylic acid; penicillin-derived
carboxylic acids, such as penicillin V, ampicillin, penicillin BT, penicillanic acid, penicillin G,

15 penicillin O; Rifamycin B, Lucensomycin, Salcomycin, chloroamphenicol, variotin, Trypacidine;

and various synthetic fatty acids.

(2) Compounds comprising the group

e.g. dimethyl dithiocarbamate and other dithiocarbamates.

20 (3) Compounds comprising the group
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O
e.g. sulphur containing aromatic compounds, such as 1-naphthol-4-sulphonic acid, p-phenyl
benzene sulphonic acid, 3-naphthalene sulphonic acid and quinoline sulphonic acid.

(4) Compounds comprising the group

—_S—
such as compounds comprising the following groups

N
P //N NN
—S—C\ or —S—C

S
5 (5) Compounds comprising the group

—0—C—

such as various thiocarboxylic compounds.
(6) Compounds comprising the group -O- or -OH

e.g. phenol, cresol, xylenol, thymol, carvacol, eugenol, isoeugenol, phenyl phenol, benzyl
10 phenol, guajacol, butyl stilbene, (di) nitro phenol, nitro cresol, methyl salicylate, benzyl
salicylate, mono-, di-, tri-, tetra- and penta-chlorophenol, chlorocresol, chloroxylenol,
chlorothymol, p-chloro-o-cyclo-hexyl phenol, p-chloro-o-cyclopentyl phenol, p-chloro-o-n-
hexyl phenol, p-chloro-o-benzyl phenol, p-chloro-o-benzyl-m-cresol and other phenols; 3-

naphthol, 8-hydroxy quinoline.

15 With respect to the metal (M), any metal having a valency of 2 or more may be used.
Specific examples of suitable metals include Ca, Mg, Zn, Cu, Ba, Te, Pb, Fe, Co, Ni, Bi, Si, Ti,
Mn, Al and Sn. Preferred examples are Co, Ni, Cu, Zn, Mn, and Te, in particular Cu and Zn.
When synthesising the metal-containing co-polymer, the metal may be employed in the form
of its oxide, hydroxide or chloride. The co-polymer to be used in the binder system in the

20 coating composition according to the invention may be prepared as described in e.g. EP 0
471 204 B1, EP 0 342 276 B1 or EP 0 204 456 B1.
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Monomers comprising the terminal groups of the general formula V above may be co-
polymerised (in order to obtain the co-polymer )with other polymerisable unsaturated
monomers, any customarily used ethylenically unsatured monomer may be used. Examples
of such monomers are methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl
5 methacrylate, propyl acrylate, propyl methacrylate, butyl acrylate, butyl methacrylate, octyl

acrylate, octyl methacrylate, 2-ethyl hexyl acrylate, 2-ethyl hexyl methacrylate, methoxy
ethyl methacrylate, styrene, vinyl toluene, vinyl pyridine, vinyl pyrolidone, vinyl acetate,
acrylonitrile, methacrylo nitrile, dimethyl itaconate, dibutyl itaconate, di-2-ethyl hexyl
itaconate, dimethyl maleate, di (2-ethyl hexyl) maleate, ethylene, propylene and vinyl

10 chloride. One particular type of co-monomers is acrylic or methacrylic esters wherein the
alcohol residue includes a bulky hydrocarbon radical or a soft segment, for example a
branched alkyl ester having 4 or more carbon atoms or a cycloalkyl ester having 6 or more
atoms, a polyalkylene glycol monoacrylate or monomethacrylate optionally having a terminal
alkyl ether group or an adduct of 2-hydroxyethyl acrylate or methacrylate with caprolactone,

15 e.g. as described in EP 0 779 304 Al.

If desired, hydroxy-containing monomers, such as 2-hydroxy ethyl acrylate, 2-hydroxy ethyl

methacrylate, 2-hydroxy propyl acrylate, 2-hydroxy propyl methacrylate may also be used.

It should be noted that in the resulting co-polymer, not all the organic acid side groups need
to contain a metal ester bond; some of the organic acid side groups may be left un-reacted in

20 the form of free acid, if desired.

The weight average molecular weight of the metal-containing co-polymer is generally in the
range of from 1,000 to 150,000, such as in the range of from 3,000 to 100,000, preferably in
the range of from 5,000 to 60,000.

In another interesting embodiment of the invention the coating composition further

25 comprises an amount of an organic ligand at least equal to the ligand-to-metal co-ordination
ratio of 1:1, said organic ligand being selected from the group consisting of aromatic nitro
compounds, nitriles, urea compounds, alcohols, phenols, aldehydes, ketones, carboxylic acids
and organic sulphur compounds, whereby the co-polymer defined above forms a polymer

complex with the organic ligand in situ.

30 Examples of monobasic organic acids usable for forming the hybrid salt include
monocarboxylic acids such as acetic, propionic, butyric, lauric, stearic, linolic, oleic,
naphthenic, chloroacetic fluoroacetic, abietic, phenoxyacetic, valeric, dichlorophenoxyacetic,

benzoic or napthoic acid; and monosulphonic acids such as benzenesulphonic acid, p-
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A preferred method for producing the polymeric hybrid salt has been disclosed in Japanese
Patent Kokai No. 16809/1989.

5 Further binder components

The above-mentioned binder systems (e.g. the non-aqueous dispersion binder system and
the silylated acrylate binder system) may have included therein - as a part of the binder
system - one or more further binder components. It should be understood that the binder
components mentioned below may also constituted the binder system, cf. the general

10 presentation of the binder system.

Examples of such further binder components are: rosin, rosin derivatives such as metal salts
of rosin i.e. resinates, oils such as linseed oil and derivatives thereof, castor oil and deri-
vatives thereof, soy bean oil and derivatives thereof; and other polymeric binder components
such as saturated polyester resins; polyvinylacetate, polyvinylbutyrate, polyvinylchloride-

15 acetate, copolymers of vinyl acetate and vinyl isobutyl ether; vinylchloride; copolymers of
vinyl chloride and vinyl isobutyl ether; alkyd resins or modified alkyd resins; hydrocarbon
resins such as petroleum fraction condensates; chlorinated polyolefines such as chlorinated
rubber, chlorinated polyethylene, chlorinated polypropylene; styrene copolymers such as
styrene/butadiene copolymers, styrene/methacrylate and styrene/acrylate copolymers;

20 acrylic resins such as homopolymers and copolymers of methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, isobutyl methacrylate and isobutyl methacrylate;
hydroxy-acrylate copolymers; polyamide resins such as polyamide based on dimerised fatty
acids, such as dimerised tall oil fatty acids; cyclised rubbers; epoxy esters; epoxy urethanes;
polyurethanes; epoxy polymers; hydroxy-polyether resins; polyamine resins; etc., as well as

25 copolymers thereof.

The terms "rosin", "resinate” and the like is intended to refer to gum rosin; wood rosin of
grades B, C, D, E, F, FF, G, H, I, 3, K, L, M, N, W-G, W-W (as defined by the ASTM 0509
standard); virgin rosin; hard rosin; yellow dip rosin; NF wood rosin; tall oil rosin; or
colophony or colophonium. The terms "rosin" and "resinate" and the like are also intended to

30 include suitable types of modified rosin, in particular oligomerisation; hydrogenation;
dehydrogenation hydrogenation/disproportionation/dismutation; etc., that will reduce the

amount of conjugated non-aromatic double bonds.
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It should be understood that the group of further binder components may include polymeric
flexibilisers such as those generally and specifically defined in WO 97/44401 that is hereby

incorporated by reference.

The dry matter of such further binder components is typically 0-10 % by wet weight.

5 Further constituents of the binder phase

The binder phase (i.e. the phase corresponding to the continuous phase of the final (dry)
paint coat) may - besides the binder system (including the further binder components) - of
course also include dyes, additives and solvents, as well as other suitable constituents to be

included in the binder phase of coating compositions.

10 Examples of dyes are 1,4-bis(butylamino)anthraquinone and other anthraquinone

derivatives; toluidine dyes etc.

Examples of additives are plasticizers such as chlorinated paraffin; phthalates such as dibutyl
phthalate, benzylbutyl phthalate, dioctyl phthalate, diisononyl phthalate and diisodecyl
phthalate; phosphate esters such as tricresyl phosphate, nonylphenol phosphate, octyl-

15 oxipoly(ethyleneoxy)ethyl phosphate, tributoxyethyl phosphate, isooctylphosphate and 2-
ethylhexyl diphenyl phosphate; sulfonamides such as N-ethyl-p-toluensulfonamide, alkyl-p-
toluene sulfonamide; adipates such as bis(2-ethylhexyl)adipate), diisobutyl adipate and di-
octyladipate; phosphoric acid triethyl ester; butyl stearate; sorbitan trifoliate; and epoxidised
soybean oil; surfactants such as derivatives of propylene oxide or ethylene oxide such as

20 alkylphenol-ethylene oxide condensates; ethoxylated monoethanolamides of unsaturated
fatty acids such as ethoxylated monoethanolamides of linoleic acid; sodium dodecyl sulfate;
alkylphenol ethoxylates; and soya lecithin; wetting agents and dispersants; defoaming
agents such as silicone oils; stabilisers such as stabilisers against light and heat, e.g.
hindered amine light stabilisers (HALS), 2-hydroxy-4-methoxybenzophenone, 2-(5-chloro-

25 (2H)-benzotriazol-2-yl)-4-methyl-6-(tert-butyl)phenol, and 2,4-ditert-butyl-6-(5-
chlorobenzotriazol-2-yl)phenol; stabilisers against moisture or water scavengers, substituted
isocyanates, substituted silanes and ortho formic acid triethyl ester; stabilisers against
oXxidation such as butylated hydroxyanisole; butylated hydroxytoluene; propylgallate; toco-
pherols; 2,5-di-tert-butyl-hydroquinone; L-ascorbyl palmitate; carotenes; vitamin A;

30 inhibitors against corrosion such as aminocarboxylates, ammonium benzoate, barium/-
calcium/zinc/magnesium salts of alkylnaphthalene sulfonic acids, zinc phosphate; zinc
metaborate; coalescing agents such as glycols, 2-butoxy ethanol, and 2,2,4-trimethyl-1,3-

pentanediol monoisobutyrate; and thickeners and anti-settling agents such as
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aluminiumtristearate, aluminiummonostearate, ricinus oil, xanthan gum, salicylic acid,
hydrogenated castor oil, polyamide waxes and polyethylene waxes. Dehydrating agents such
as orthopropionic acid ester, orthoformic acid ester, orthoacetic acid ester, alkoxysilane, alkyl

silicates like tetra ethyl ortosilicate, or isocyanates.

5 It is preferred that the coating compositions comprise dyes and additives in a cumulative

amount of 0-20 %, e.g. 1-20 %, by solids volume of the coating composition.

When related to the total weight of the coating composition, it is preferred that the coating
compositions comprise dyes and additives in a cumulative amount of 0-10 %, e.g. 1-10 %,

by wet weight of the coating composition.

10 Examples of solvents are alcohols such as methanol, ethanol, propanol, isopropanol, butanol,
isobutanol and benzyl alcohol; aliphatic, cycloaliphatic and aromatic hydrocarbons such as
white spirit, cyclohexane, toluene, xylene and naphtha solvent; ketones such as methyl ethyl
ketone, acetone, methyl isobutyl ketone, methyl isoamyl ketone, diacetone alcohol and cyclo-
hexanone; ether alcohols such as 2-butoxyethanol, propylene glycol monomethyl ether,

15 ethylene glycol monoethyl ether, ethyl ether and butyl diglycol; esters such as ethyl acetate,
propyl acetate, methoxypropyl acetate, n-butyl acetate and 2-ethoxyethyl acetate;
chlorinated hydrocarbons such as methylene chloride, tetrachloroethane and

trichloroethylene; and mixtures thereof.

When related to the total weight of the coating composition, it is preferred that the coating
20 compositions comprise one or more solvents in a cumulative amount of 0-60 %, e.g. 10-60

%, by wet weight of the coating composition.

In the present context the term "% by wet weight" is intended to mean the weight/weight
percentage of the wet matter of the coating composition. It should be understood that

solvents are included.
25 In the present context the term "% by solids volume" is intended to mean the

volume/volume percentage of the solid (i.e. non-volatile) matter of the coating composition.

It should be understood that any solvents (i.e. volatiles) are disregarded.

Preferred embodiments

Currently preferred embodiments of the present invention are the following coating

30 compositions:
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A. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases
in an amount of 20-49 % by solids volume of the dry coating, and said enzyme being

5 immobilised on said starch.

B. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases
in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being

10 immobilized on said starch.

C. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases
in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being

15 immobilized on said starch and an amount of 10-41 % by solids volume of one or more

pigments selected from a group consisting of cuprous oxide and zinc oxide.

D. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases
20 in an amount of 20-49 % by solids volume of the dry coating, and said enzyme being
immobilised on said starch, and antifouling agent in an amount of 0.05-20 % by solids

volume of the dry coating.

E. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
25 phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases
in an amount of 20-49 % by solids volume of the dry coating, and said enzyme being
immobilised on said starch, and an antifouling agent in an amount of 0.05-20 % by solids
volume of the dry coating, said antifouling agent chosen from a the group consisting of
pyridine-triphenylborane, 2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole and

30 imidazole containing compounds, such as Medetomidine.

F. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases

in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being
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immobilized on said starch, and an antifouling agent in an amount of 1-20 % by solids

volume of the dry coating.

G. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
5 phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases
in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being
immobilized on said starch, and an antifouling agent in an amount of 0.05-20 % by solids
volume of the dry coating, said antifouling agent chosen from the group consisting of
pyridine-triphenylborane, 2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole and

10 imidazole containing compounds, such as Medetomidine.

Preparation of the coating composition

The present invention also provides a method for the preparation of an enzyme-based self-
polishing coating composition as defined in any one of claims 1-9, said method comprising
the step of bringing (i) a polysaccharide and (ii) an enzyme capable of facilitating hydrolysis
15 of said polysaccharide, wherein said enzyme is immobilized on a carrier material, in
admixture with a binder system and one or more constituents selected from dyes, additives,
solvents, pigments, fillers, fibres and anti-fouling agents, and any other suitable constituents

to be included in either the binder phase or the pigment phase of coating compositions.

The coating composition of the present invention is prepared usually by mixing and

20 dispersing the above components all at once or in a divided fashion by a conventional
apparatus for producing coating composition (paints), such as a ball mill, a pearl mill, a
three-roll mill, a high speed disperser. The coating compositions according to the invention,
optionally containing fibres, may be filtrated using bag filters, patron filters, wire gap filters,
wedge wire filters, metal edge filters, EGLM turnoclean filters (ex Cuno), DELTA strain filters

25 (ex Cuno), and Jenag Strainer filters (ex Jenag), or by vibration filtration. The coating
composition of the present invention thus prepared may be coated as it is or after having the
viscosity adjusted by a diluting solvent, on a ship or a maritime structure having a rust
preventive coating material coated thereon, by e.g. airless spray-coating, air spray-coating,
roller coating or brush coating. The exact technique chosen depends upon the object to be

30 protected and also upon the particular composition (such as its viscosity etc.) and upon the
particular situation. Preferred applications techniques are spraying and by means of a brush

or a roller.
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Preferably the immobilised enzymes and their substrates are added to the coating
composition as powders, and in a preferred embodiment of the invention, immobilisation of
the polysaccharide-degrading enzyme is done by spray-drying from a water-based slurry of

the enzyme and the carrier material.

5 Depending on the application technique, it is desirable that the coating composition
comprises solvent(s) so that the solids volume ratio (SVR) is in the range of 30-100 %, such
as 30-70 %.

The invention further relates to a marine structure coated with one or several layers, in

particular successive layers, of a coating composition as defined hereinabove.

10 The coating composition according to the invention may be applied to a marine structure to
be protected in one or several successive layers, typically 1 to 5 layers, preferably 1 to 3
layers. The dry film thickness (DFT) of the coating applied per layer will typically be 10 to 300
um, preferably 20 to 250 um, such as 40 to 200 um. Thus, the total dry film thickness of the
coating will typically be 10 to 900 um, preferably 20 to 750 um, in particular 40 to 600 um,

15 such as 80 to 400 pum.

The marine structure to which the coating composition according to the invention may be
applied to may be any of a wide variety of solid objects that come into contact with water, for
example vessels (including but not limited to boats, yachts, motorboats, motor launches,
ocean liners, tugboats, tankers, container ships and other cargo ships, submarines (both

20 nuclear and conventional), and naval vessels of all types); pipes; shore and off-shore
machinery, constructions and objects of all types such as piers, pilings, bridge substructures,
floatation devices, underwater oil well structures etc; nets and other mariculture
installations; cooling plants; and buoys; and is especially applicable to the hulls of ships and

boats and to pipes.

25 Prior to the application of a coating composition to a marine structure, the marine structure
may first be coated with a primer-system which may comprise several layers and may be any
of the conventional primer systems used in connection with application of coating
compositions to marine structures. Thus, the primer system may include an anti-corrosive

primer optionally followed by a layer of an adhesion-promoting primer.

30 The above-mentioned primer system may, for example, be a combination of an epoxy resin
having an epoxy equivalent of from 160 to 600 with its curing agent (such as an amino type,
a carboxylic acid type or an acid anhydride type), a combination of a polyol resin with a

polyisocyanate type curing agent, or a coating material containing a vinyl ester resin, an

3
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unsaturated polyester resin or the like, as a binder system, and, if required, further
containing a thermoplastic resin (such as chlorinated rubber, an acrylic resin or a vinyl
chloride resin), a curing accelerator, a rust preventive pigment, a colouring pigment, an
extender pigment, a solvent, a trialkoxysilane compound, a plasticizer, an additive (such as
5 an antisagging agent or a precipitation preventive agent), or a tar epoxy resin type coating

material, as a typical example.

Use and Method

The present invention further provides the use of a polysaccharide and an enzyme capable of
facilitating hydrolysis of said polysaccharide, said enzyme being immobilized on a carrier
10 material, in a coating composition to provide self-polishing of said coating composition. In

particular, the enzyme is immobilised on said polysaccharide.

The present invention further provides a method for providing a self-polishing effect of a
coating composition, the method comprising the step of incorporating into the coating
composition a polysaccharide and an enzyme capable of facilitating hydrolysis of said

15 polysaccharide, said enzyme being immobilized on a carrier material. In particular, the

enzyme is immobilised on said polysaccharide.

The specifications above, including the specifications regarding the polysaccharide and the

enzyme, also apply in connection with the use and the method described above.

In one preferred embodiment of the above-specified use and the above-specified method,
20 respectively, the enzyme is glucoamylase and the polysaccharide is starch. In a particular

variant, the glucoamylase is immobilized on the starch, e.g. by spray-drying.

EXAMPLES

Test for water soluble content of polysaccharides

The water-soluble content of polysaccharides is determined gravimetrically. The
25 polysaccharide is mixed in deionised water and stirred effectively. The slurry is then
centrifuged at 15,000 rpm in ten minutes, and the dry matter content of the supernatant is

determined gravimetrically.
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Polishing rate test

Polishing and leaching characteristics are measured using a rotary set-up similar to the one
described by Kiil et al. (Kiil, S, Weinell, C E, Yebra, D M, Dam-Johansen, K, “Marine biofouling
protection: design of controlled release antifouling paints.” In: Ng, K M, Gani, R, Dam-

5 Johansen, K (eds.) Chemical Product Design; Towards a Perspective Through Case Studies,
23IDBN-13: 978-0-444-52217-7. Part Il (7), Elsevier. (2006)). The set-up consists of a
rotary rig, which has two concentric cylinders with the inner cylinder (rotor, diameter of 0.3
m and height 0.17 m) capable of rotation. The cylinder pair is immersed in a tank containing
about 400-500 litres of Artificial Seawater (cf. Table 1).

Table 1: Composition of Artificial Seawater
Salt Concentration in g/L
NaCl 32
MgSQ,4-7H,0 14
NaHCO; 0.2

10

The tank is fitted with baffles to break the liquid flow, which enhances turbulence and enables
faster mixing of the species released from the paints and enhance heat transfer from a
thermostating system. The purpose of using two cylinders is to create a close approximation
to couette flow (flow between two parallel walls, where one wall moves at a constant

15 velocity). The rotor is operated at 20 knots at 25 °C (unless otherwise specified), and the pH

is adjusted frequently to 8.2 using 1 M sodium hydroxide or 1 M hydrochloric acid.

Samples are prepared using overhead transparencies (3M PP2410) that are primed using
two-component paint (Hempadur 4518 ex Hempel’s Marine Paints A/S) applied using a
Doctor Blade applicator with a gap size of 200 pm. Coating samples are applied adjacent to
20 each other using a Doctor Blade applicator with a gap of 250 pm. After drying for 1 day, the
coated transparency is cut in strips of 2 cm resulting in eight samples of 1.5 x 2 cm? on a

long (21 cm) strip. The strips are mounted on the rotor, and left to dry for a week.

After one week, the test is initiated, and during the experiment, samples are removed after

35, 65 and 140 days in order to inspect the polishing and leaching depths. The samples are
25 dried for three days at ambient conditions, after which they are cut in half and cast in

paraffin. The internal front of the sample is planed off before total film thickness and leached

layer thickness is established using light microscopy (coating cross-section inspection).
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Antifouling property test

An acrylic test panel (15 x 20 cm?), sandblasted on one side to facilitate adhesion of the
coating, is first coated with 80 pm (DFT) of a commercial vinyl tar primer (Hempanyl 16280
ex Hempel's Marine Paints A/S) applied by air spraying. After a minimum drying time of 24
5 hours in the laboratory at room temperature the test paint is applied with a Doctor Blade
type applicator, with four gap sizes with a film width of 80 mm. One coat was applied in a
DFT of 90-100 pm. After at least 72 hours drying the test panels are fixed on a rack and

immersed in sea water.

In this test site the panels are immersed in seawater with salinity in the range of 29-31 parts
10 per thousand at a temperature in the range of 29-31°C. Every 4-12 weeks, inspection of the
panels is made and the antifouling performance is evaluated according to the scale shown in

Table 2. One score is given for each of the fouling types: algae and animals.

Table 2: Scale for grading the performance of coatings
undergoing static antifouling testing

Score Fouled area (%)

0 0 % fouling

1 0-2 % fouling

2 3-5 % fouling

3 6-25 % fouling

4 26-50 % fouling

5 51-100 % fouling

The fouling species of most relevance are animals. For animal fouling a level of 1 is

15 considered good. For algal fouling, a level of up to grade 2 is acceptable.

Test for residual enzymatic activity after prolonged exposure to sea-water

Paint film pieces from the rotor trial were immersed in Artificial Seawater (cf. Table 1) in 6-
well ELISA plastic plates and analysed for glucose development through 3 days of incubation
at 20-25 °C. Gentle movement of the solvent was applied with a shaker board (IKA KS130
20 control) operated continuously at 100 rpm. The glucose concentration in the solvent phase
was analysed by a standard glucose assay (see below). The activity was the calculated as
SGU-P (Starch-Glucoamylase Unit in Paint) where 1 SGU-P is defined as the surface area

required for releasing 1 mg glucose per hour.



WO 2010/ 089378PCT/ EP2010/ 051437 40 Table 7: Test paints based on a binder
systemespecially suited for yachts Conparative reference paint 7 Mdel
pai nt 8 ww 2emtosyE8ght Wo solids volume wo wet wei ght wecsarbas/osobune
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Glucose Assay: The glucose sample (10ul) was mixed with a substrate blend (290ul) with excess
HOX (hexose oxidase), Horseradish Peroxidase and ABTS (2,2’-azino bis(3-ethylbenzthiazoline-6-
sulfonic acid). Fully HOX-degradadion of glucose produces glucolactone and H202, which reacts
(oxidises) ABTS and induces a spectrometric detectable colorimetric response correlating to the
5 sample glucose concentration. The glucose concentration was quantified by measuring the

absorption at 405nm and by using a standard curve of 0 to 0.4 mg D-Glucose/ml. The substrate blend
used was comprised by: 4.6ml 100mM K2HPO4 - pH 6.3 ; 200ul ABTS solution (500mg ABTS Sigma
A-1888 to 100ml H20) ; 200ul Peroxidase solution (10mg Sigma P-6782 to 100m! 100mM K2HPO4 -
pH 6.3); and 20ul purified HOX (HOX from Chondrus crispus was used as fermentation broth

10 prepared as described in patent application EP-A-0832245 and purified according to Rand et al (T.
Rand, K.B. Qvist, C.P. Walter & C.H. Poulsen. FEBS Journal, 2006, 273, 2693-2703).

Preparation of spray-dried starch with glucoamylase (laboratory scale)

Corn starch, obtained as C*gel 03401 from Cargill, and glucoamylase obtained from Danisco
A/S are spray-dried from a water-based slurry. 75 g starch and glucoamylase in a

15 concentration of 56 units/g slurry are spray-dried from a water volume of 500 mL. Air inlet
temperature is kept at 135 °C, and the air and powder outlet temperature is 80 °C. At the
spray nozzles, water cooling with 0 °C water is used. The apparatus is a Mini Spray Dryer B-

191 from Buchi laboratory equipment.

Preparation of spray-dried starch with glucoamylase (pilot scale)

20 Corn starch, obtained as C*gel 03401 from Cargill, and glucoamylase obtained from Danisco
A/S was mixed in water to form slurry comprised by 7.5 kg starch, 15 kg water, and
glucoamylase at a concentration of 3325 mU/g starch (unless otherwise specified) and spray-
dried. The activity was as measured on the pure enzyme preparation before addition to the
starch slurry. Spray-drying was performed in a Niro NP 6.3 spray unit with an atomizer wheel

25  operated at 15000 rpm and a feed rate of 40-50 kg slurry/h. Drying air inlet and outlet
temperatures were 190-200°C and 95-110°C, respectively. The air flow was 480-520 m?/h.

Test for enzyme activity of glycoamylase immobilised to starch

Activity of the spray-dried starch-glucoamylase powder was determined to be 10-15 SGU/g.
1 SGU (Starch-Glucoamylase Unit) corresponds to the amount of starch-glucoamylase
30 powder releasing 1 mg glucose per hour at 25°C and pH 4.5 in a 2 w/w% starch-

glucoamylase dispersion, calculated as an average glucose release through the initial 1-3
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hours of incubation). Glucose developed was isolated with the supernatant by centrifugation

and analysed with a standard glucose assay using a glucose standard curve for quantification.

Composition of test paints

Table 3: Test paints based on a silylated acrylic binder system with or without starch with
glucoamylase

Comparative ref. | Model paint 1 Model paint 2 Model Paint 3
paint 1

% % % % % % % %
wet solids wet solids wet solids wet solids

weight | volume | weight [ volume [ weight | volume | weight | volume

Binder phase
Binder system 28 52 28 52 29 52 32 52
comprised silylated
acrylic copolymer
solution and rosin
Additives 4 8 4 8 4 8 4 8
Xylene, Xylen, 8 0 8 0 9 0] 9 0]
Kemetyl Denmark
Pigment phase
Calcium 1 1 1 1 1 1 1 1
magnesium
aluminium silicate,
Rockfibre Roxul
1000 MS603,
Brenntag Denmark
Fumed silica, 1 2 1 2 1 2 1 2
Aerosil 200,
Degussa Germany
Micronized Natural |5 4 5 4 6 4 6 4
Red Iron Oxide,
OSO NR 839M, Tor

Minerals

International US

Starch with 0 0 0.5 1.00 2.4 5.00 5 10.00
glucoamylase®

Copper pyrithione, | 3 6 3 6 4 6 4 6

Copper Omadine
Powder, Arch UK
Biocides UK
(antifouling agent)
Copper (1) oxide, 50.00 28 49 27 44 23 37 18
Red Copp 97N,
Chemet US
Total 100 101 99.5 101 100.4 100 99.2 100
Total Pigment 40 40 40 40
phase
* As prepared in pilot scale.




Starch (w thout enzyne) 24 30 Total 101 99 101 99 Total Pignment Phase 41
41 # As prepared in pilot scale WD 2010/089378PCT/ EP2010/ 051437 41 Tabl e
8: Test paonvey/dsesed on a NAD bi nder system with starchpertEr2e0/09i48hout

gl ucoanyl ase. Mdel paint 7 wo wet weight wo solids volune Binder phase
Bi nder system conprised of NAD acrylic reggin copol yner, RSAN V- SPD#-55, DAI
Ni ppon Japan; polyvinyl nethyl ether and rosin 22 50 Additives 3 4 Xyl ene,
Kenetyl Dennmark 20 O

Table 4: Test paints based on a silylated acrylic binder system and common antifouling
coating fillers
Comparative Comparative
reference paint 2 reference paint 3
% % % %
wet solids wet solids
weight volume weight volume
Binder phase
Binder system comprised of silylated acrylic | 29 52 31 52
copolymer solution and rosin
Additives 4 8 4 8
Xylene, Xylen, Kemetyl Denmark 8 0 9 0
Pigment phase
Calcium magnesium aluminium silicate, 1 1 1 1
Rockfibre Roxul 1000 MS603, Brenntag
Denmark
Fumed silica, Aerosil 200, Degussa 1 2 1 2
Germany
Micronized Natural Red Iron Oxide, OSO NR | 5 4 6 4
839M, Tor Minerals International US
Feldspar, Minex S-10, North Cape Minerals | 4 5 9 10
Norway
Copper pyrithione, Copper Omadine 4 6 4 6
Powder, Arch UK Biocides UK (antifouling
agent)
Copper (I) oxide, Red Copp 97N, Chemet 43 23 36 18
us
Total 99 101 101 101
Total Pigment phase 40 40
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spray-dried starch with gl ucoar@tase ng%)snpo o on s%ﬁ n fgtlﬂ eAg lids

weight | volume | weight | volume | weight | volume

Binder phase
Binder system comprised of NAD | 19 50 19 50 20 50
acrylic resin copolymer, RSAN-V-
SPD#-55, DAI Nippon Japan;

polyvinyl methyl ether and rosin

Additives 3 5 3 5 3 5
Xylene, Xylen, Kemetyl Denmark | 18 0 18 0 18 0
3,3-Dimethylbutanone, 1 0 1 0 1 0
Methylisobutylketon, Kemetyl

Denmark

Pigment phase

Calcium magnesium aluminium 4 5 4 5 4 5

silicate, Rockfibre Roxul 1000
MS603, Brenntag Denmark
Organic derivative of a special 1 2 1 2 1 2
magnesium montmorillonite,
Bentone 38, Elementis Specialites

Belgium

Fumed silica, Aerosil 200, 0.3 0.5 0.3 0.5 0.3 0.5
Degussa Germany

Micronized Natural Red Iron 4 3 4 3 4 3

Oxide, OSO NR 839M, Tor
Minerals International US

Zinc oxide, Larvik Zinx Oxide, 8 5 8 5 8 5
Umicore Norway

Starch with glucoamylase® 0 0 0.4 1 1.3 3
Copper pyrithione, Copper 4 7 4 7 4 7

Omadine Powder, Arch UK
Biocides UK (antifouling agent)

Copper(l) oxide, Lolo Tint 97, 39 23 38 22 35 20
Chemet US

Total 101.3 100.5 100.7 100.5 99.6 100.5
Total Pigment phase 45 45 45

* As prepared in pilot scale



Activity before spray-drying Spray-dried starch with glucoanylase 478 mJ g
starch Model Paint 9 Spray-dried starch with gl ucoanyl ase 4,290 mJ g starch
Model Paiwb 200)/08p37ay-dried starch with gl ucoanyl ase 50, @0®/pPRi1g/ostsar ch
Model Paint 11 # As prepared in pilot scale; sanples with various
activities were obtained by addi ng vari abe anounts of enzyne per nass

st arch. The coatings were produced on two-speed D af 37-33v m xer. The
ingredients are m xed and 5ground to a fineness of < 30 pm Any ingredients
sensi ti|Vieble®: iThe phintpbastreara NAP biederameienenp essasdivey slarchhvéthagrlycpainyigseprocess

may ar € 28F©d anHfop g op; . Exapple 1 - Characterisation of various
starch |qualities as copt'PIRyPIAdt edi NRTL PaA staf(?rz?rgeﬁrcaﬁf:ﬁa&%nh%g”rgifff"r%}m 10
wer e t gsted—tor—the—anrpynt——o o/vvate'o/sol u:'b/ée €Ot Attt n’“rf}bs i CALCER I o) e nt

descried above. The rpgil ts| afigs PT GeENt €6siinh I'@fg{ e 1Loiigs\WD wet | solids
2010/ 089378PCT/ EP2010/ Dadid7 | ddurd@bleighO] vSIHE ¢ ReightlRoRR@ St BUSurid
st ar chessiteespede Nane Commer c| al nape Soufce Supplier [Gelati|nisatipn (O
Aver age Bafer vastemtNAphero cal | 6Ol une22i ampber (pRPp R1 |Rény FRIRi ce| Reny
65- 73 2-BYRRreREPPBT R ce Refry 72
mer, RSAN-V-SPD#-
55, DAI Nippon
Japan; polyvinyl
methyl ether and

rosin

Additives 3 4 3 4 3 4 3 4
Xylene, Xylen, 19 0 20 0 18 0 19 0
Kemetyl Denmark

Methylisobutylketon, 1 0 1 0 1 0 1 0

Kemetyl Denmark
Pigment phase
Calcium magnesium 4 5 5 5 4 5 4 5
aluminium silicate,
Rockfibre Roxul 1000
MS603, Brenntag
Denmark

Organic derivative of | 1 2 1 2 1 2 1 2
a special magnesium
montmorillonite,
Bentone 38,
Elementis Specialites
Belgium

Fumed silica, Aerosil 0.3 0.5 0.3 0.5 0.3 0.5 0.3 0.5
200, Degussa
Germany
Micronized Natural 4 3 4 3 4 3 4 3
Red Iron Oxide, OSO
NR 839M, Tor
Minerals International
uUs

Zinc oxide, Larvik 1 1 2 1 2 1 2 1
Zinx Oxide, Umicore
Norway

Starch with 2 5 5 10
glucoamylase®
Feldspar, Minex S-10, 4 5 8 10
North Cape Minerals
Norway

Copper pyrithione, 4 7 4 7 4 7 4 7
Copper Omadine
Powder, Arch UK

Biocides UK

(antifouling agent)

Copper(l) oxide, Lolo | 40 22 33 17 39 22 32 17
Tint 97, Chemet US

Total 99.3 99.5 100.3 [99.5 101.3 99.5 99.3 99.5
Total Pigment Phase 46 46 46 46

* As prepared in pilot scale
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Table 7: Test paints based on a binder system especially suited for yachts

Comparative reference paint 7 | Model paint 8

% % % %

wet weight solids volume wet weight | solids volume

Binder phase

fully hydrogenated rosin, Foral 19 36 19 36
(TM) AX-E, Eastman chemical

company US

polyvinyl methyl ether, Lutonal 10 9 10 9
M 40, BASF Germany

acryllic copolymer, Synocryl 874 | 16 12 16 12
N 40, Cray Valley US

Additives 1 2 1 2
Xylene, Xylen, Kemetyl 10 10

Denmark

Pigment phase

Calcium magnesium aluminium 7 5 7 5

silicate, Rockfibre Roxul 1000
MS603, Brenntag Denmark

Zeolite, Purmol powder 4ST, 1 1 1 1
Zeochem Switzerland
Micronized Natural Red Iron 11 5 11 5

Oxide, OSO NR 839M, Tor
Minerals International US

Zinc oxide, Larvik Zinx Oxide, 3 1 3 1
Umicore Norway

Starch with glucoamylase® 24 30
Starch (without enzyme) 24 30

Total 101 99 101 99
Total Pigment Phase 41 41

* As prepared in pilot scale
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Tabl e 11: The

solubl e contam nants in the starch types presented in Tabl e

ThaniatSe est R ints| baserearey NAD biRdersy eI, sGBCHRBItHor without
glucoamylase.
Model paint 7
% %
wet weight solids volume
Binder phase
Binder system comprised of NAD acrylic resin 22 50
copolymer, RSAN-V-SPD#-55, DAI Nippon
Japan; polyvinyl methyl ether and rosin
Additives 3 4
Xylene, Kemetyl Denmark 20 0
Methylisobutylketon, Kemetyl Denmark 1 0
Pigment phase
Calcium magnesium aluminium silicate, 5 5
Rockfibre Roxul 1000 MS603, Brenntag
Denmark
Organic derivative of a special magnesium 1 2
montmorillonite, Bentone 38, Elementis
Specialites Belgium
Fumed silica, Aerosil 200, Degussa Germany 0.3 0.5
Micronized Natural Red Iron Oxide, OSO NR 4 3
839M, Tor Minerals International US
Zinc oxide, Larvik Zinx Oxide, Umicore Norway | 2 1
Starch with glucoamylase (see Table 9) 5 10
Copper pyrithione, Copper Omadine Powder, 4 7
Arch UK Biocides UK (antifouling agent)
Copper(l) oxide, Lolo Tint 97, Chemet US 33 17
Total 100.3 99.5
Total Pigment Phase 46

Table 9: Test paints with different activity of glucoamylase in spray-dried starch with

glucoamylase (composition as in Table 8)

Activity before spray-drying

Spray-dried starch with

glucoamylase 478 mU/g starch

Model Paint 9

Spray-dried starch with
glucoamylase

4,290 mU/g starch

Model Paint 10

Spray-dried starch with
glucoamylase

50,000 mU/g starch

Model Paint 11

* As prepared in pilot scale; samples with various activities were obtained by adding variable

amounts of enzyme per mass starch.

The coatings were produced on two-speed Diaf 37-33v mixer. The ingredients are mixed and

ground to a fineness of < 30 uym. Any ingredients sensitive to the high shear forces and

temperature in the grinding process may are added in the let-down.

Example 1 - Characterisation of various starch qualities as coating ingredients

The starches presented in Table 10 were tested for the amount of water-soluble

contaminants in the experiment described above. The results are presented in Table 11.
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C1 C*gel 03401 Corn Cargill 62-71 15
c2 Clearam MH Corn Roquette 62-71 15
0500
C3 Clearam MH 10 | Corn Roquette 62-71 15
15
C4 Clearam CI 30 Waxy Roquette 62-71 15
00 corn
C5 Clearam CI 10 Waxy Roquette 62-71 15
00 corn
Cé6 Clearam CH 15 | Waxy Roquette 62-71 15
05 corn
c7 HI-CAT 21370 Waxy Roquette 62-71 15
corn
T1 Clearam TJ Tapioca Roquette 59-70 20
2015

Whereas normal starch contains about 3/4 of the highly branched amylopectin, waxy starch
is 100 % amylopectin. Gelatinisation temperatures in Table 10 refer to the temperature at
which the starches form a gel.

Table 11: The amount of water soluble contaminants

in the starch types presented in Table 10.
Wt% water soluble
material

R1 2.7

R2 0.83

R3 5

R4 1.44

R5 1.6

C1 0.12

Cc2 0.15

C3 0.677

c4 0.28

C5 0.23

C6 0.205

Cc7 2.93

T1 0.13

5 In Table 11 it is seen that the starch-type containing the least amount of water soluble
material is the Corn starch type, C*gel 03401 from Cargill ("C1"). This type of starch has

therefore been preferred for the subsequent examples.
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Si ngapore Bl ank panel Conparative reference paint 1 Mdel paint 1 Mdel

pai nt 2 Tebddl2: paisinitg BitCamparched lagerrdepr ence paint 2 Conparative |reference
pai nt 3 T,qpl'g@@t4 1 Polishing rate (um/10,000 Leached layer in % of
Nautical miles) comparative reference paint 1

Comparative 2.7 100

reference paint 1

Model paint 1 5.3 106

Model paint 2 3.5* -

Model paint 3 3.5 115

Comparative 3.5 100

reference paint 2

Comparative 4 136

reference paint 3

*Polishing rate after 65 days.

The example shows that a powder consisting of glucoamylase immobilised on starch can be
used as substitute for cuprous oxide in coating compositions based on silylated acrylic binder
10 systems without lowering polishing rate. Compared to feldspat (Comparative reference paint
3), the polishing is somewhat similar, however, the leached layer is thicker in the
comparative reference paint than in the model paints. This means that the diffusion
resistance of the antifouling active ingredients is increased, and therefore antifouling effect is

compromised.

15 Example 3 - Comparison of the antifouling performance of test paints based on a silylated

acrylic binder with or without starch with glucoamylase

The test paints based on a silylated acrylic binder system (see Tables 3 and 4) were tested in
the antifouling property test in Singapore. After 8 weeks immersion, the panels were

inspected. The grades from the inspection are seen in Table 13.
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The table shows that the antifouling properties of the coatings containing glucoamylase
immobilised on starch are not compromised (Model paints 1 and 2). Comparing to the
coatings containing feldspat as filler (Comparative reference paints 2 and 3), it is seen that

5 the antifouling effect of the coatings based on glucoamylase immobilised on starch is better.

Example 4 - Polishing rate and leached layer depth of test paints based on a NAD binder

system with or without starch with glucoamylase

The test paints based on the NAD binder system (see Tables 5 and 6) were subjected to the
polishing rate test. The results are shown in Table 14. The leached layer thicknesses after

10 140 days are provided as a measure of the steady-state leached layer thickness.

Table 14: Polishing rate and leached layer depth

Model paint Polishing rate (um/10,000 Leached layer in % of
Nautical miles) comparative reference paint 4

Comparative reference paint4 | 5.0 100

Model paint 4 7.2 98

Model paint 5 3.3 74

Model paint 6 8.4 81

Model paint 7 5.0 90

Comparative reference 5 4.4 97

Comparative reference 6 1.7 132

It is seen that the novel coating ingredient can be added (Model paints 4, 6 and 7) without
compromising polishing and leaching behaviour. Furthermore, it is seen that using
glucoamylase immobilised on starch as filler (Model paints 5, 6 and 7) generally lowers the

15 leached layer thickness compared to the reference coatings (Comparative reference paints 5
and 6).
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Table 15: Grades from inspection of test paints paints after 8 weeks of antifouling property
testing in Singapore
Blank Comp. Model Model Model Model Comp. | Comp.
panel ref. paint 4 paint 5 | paint 6 | paint 7 | ref. ref.
paint 4 Paint 5 | paint 6
Algae 4 1 2 1 2 2 1 1
Animals | 3 1 1 0 1 1 1 2

The table shows that the antifouling properties of the coatings containing glucoamylase
immobilised on starch are not compromised (Model paints 4-7). An algal fouling level up to

grade 2 is acceptable.

10 Example 6 - Polishing rate of test paints based entirely on starch with glucoamylase as water
soluble part of the pigment phase

Comparative reference paint 7 and Model paint 8 (see Table 7) were subjected to polishing

rate testing. The results are provided in Table 16.

Table 16: Polishing rate

Model paint # Polishing rate (um per
10,000 Nautical miles)

Comparative 0

reference paint 7

Model paint 8 5.6

15 The results show that it is possible to achieve polishing of a yacht-based antifouling coating,
when it contains glucoamylase immobilised on starch as the only active pigment (Model paint
8). In comparison, a coating containing starch without immobilised glucoamylase does not

polish (Comparative reference 7).

Example 7 — Comparison of the antifouling performance of test paints based on a NAD binder

20  system based coating composition with or without starch with glucoamylase

The test paints based on the NAD binder system (see Tables 8 and 9) were subjected to the

polishing rate test. The results are shown in Table 17. The leached layer thicknesses after 35
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0.123 Mobdel Paint 10 - - 0.315 Mobdel Paint 11 15.2 103 0.364 It is seen
that there is a tendency that the polishing increases with increased enzyne
activity.wbuntonspsmere it is seen that the residual enzymweTapRoriosyms?
increases with increasing 5enzyne activity prior to spray drying. WO
2010/ 089378PCT/ EP2010/ 051437 47 CLAIMS 47 An enzyne-based sel f-polishing
coating conposition conprising a binder phase in the formof a binder
system and a pignent phase, said pignent phase conprising (i) a

pol ysaccliatMgde and (ii) an enzyne capable of facilitating hydrolysis of
sai d pol ysaccharide, 5said enzyme being immobilized on a carrier material.
2. The coating conposition according to any one of the precedi ng clains,
wher ei n sai PBIYEsEEReT $ePqlishiag 5p2RI compOsHiRn sy TRRFEAhesoRA the

accor di rigrrb of abyhdensystdm bifea plgeead phgsecsad pymenhphidi momandn@(ixyrre is
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104 The REUPIEna e BEET) o SEN A5 BBt PRneciodRUARR or 30 rBhisERRRRG 3
mherélnE@Eiﬂuéwzﬁﬁﬁgﬂ@”WﬁWﬁ%1¢ﬁ§é@*@h”@§¥@'polysaccharlde 5. The coatlng
conposition according to any one of the preceding cl ainms, wherein said

pol ysacc aride constitute vol une, of sald oatin

conposi t %eéoatt‘}?ecoéft?&?'?'ﬂ'@ a&%ﬁ%%&%ﬁ/?’mf’”&é’ HARHELY AP SonBeGH s[aﬂje
precedln@h@bamanwathretn sai d 15pol ysaccharide constitutes 1-40 A) by
solids volune of the pignment phase. 7. The coating conposition according
to any one of the preceding clains, wherein said the ratio between said
enzyme ahd SAEFOPHIYLHROREPT aecor%n@tm@vm oo PrsredinLAPIMS, WReViReRY) per g
pol ysacadmaymees seldtedtien @agiads@g sae@o&GatriyRide 8 60y dEd) Gntl @lleBym@as:. of t he
precedi ng cl ai ns, wherein the 20bi nder phase constitutes 30-80 A) solids
vol une of the coating conposition and the pignent phase constitutes 20-70
A) d6l i ds vdhermatdfg ¢cohmwositat pergrdinmipodivtdneref thepref@rincdaitmsnyhersimpesi t i on
accordlng%ge@ﬂxwgﬂﬂsgaogggdggﬁggghagkplainB, wherein said coating
conposition conprises 0.0 by solids volune of one or nore
antifouling agents. 2510. A marine structure coated with one or several

| ayers of. a Theabatigy @eifeeisibh baddrdisg thedriyne@ df theyprgcatvgy Ofintsheherdemi dad 1- 9.

1O 2010/ ORRRTRENIL ERRAMDLODIAS] o Bonad b ATFLIAL LN, LB BfgRr ation of an
enzyme- gase ing coa |on as detine n any one of
clains 1-9, said nethod conpr|5|ng the step of bringing (i) a
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imobilized on a carrier
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8. The coating composition according to any one of the preceding claims, wherein the
20 binder phase constitutes 30-80 % solids volume of the coating composition and the pigment

phase constitutes 20-70 % solids volume of the coating composition.

9. The coating composition according to any one of the preceding claims, wherein said
coating composition comprises 0.05-20 % by solids volume of one or more antifouling

agents.

25 10. A marine structure coated with one or several layers of a coating composition as

defined in any one of the claims 1-9.



1013. Use according to claim 12, wherein said enzyne is i mobilised on said
pol ysaccharide. 14. A nethod for providing a self-polishing effect of a
coati ng cwoposydshzre, the nethod conprising the step of PoT@mPPEAsi4BY i NtoO
the coating conposition a pol ysaccharide and an enzyne capabl e of
facilitating hydrolysis of said polysaccharide, said enzyne being

I mmobi lized on a carrier material. 1515. The nethod according to claim 14,

wherein said enzyne is i nmobilised on said pol ysacchari de.
11. A method for the preparation of an enzyme-based self-polishing coating composition as

defined in any one of claims 1-9, said method comprising the step of bringing (i) a

polysaccharide and (ii) an enzyme capable of facilitating hydrolysis of said polysaccharide,

wherein said enzyme is immobilized on a carrier material, in admixture with a binder system
5 and one or more constituents selected from dyes, additives, solvents, pigments, fillers, fibres

and anti-fouling agents.

12. Use of a polysaccharide and an enzyme capable of facilitating hydrolysis of said
polysaccharide, said enzyme being immobilized on a carrier material, in a coating

composition to provide self-polishing of said coating composition.
10 13. Use according to claim 12, wherein said enzyme is immobilised on said polysaccharide.

14. A method for providing a self-polishing effect of a coating composition, the method
comprising the step of incorporating into the coating composition a polysaccharide and an
enzyme capable of facilitating hydrolysis of said polysaccharide, said enzyme being

immobilized on a carrier material.

15 15. The method according to claim 14, wherein said enzyme is immobilised on said

polysaccharide.



